HopDGKIN’s Disease: Reed-Sternberg cells. Left/Right: Bone marrow aspirate. (Wright-Giemsa, original magnifi- 
cation X 400). Right/Left: Lymph node biopsy. (Hematoxylin and eosin, original magnification < 400). (Courtesy 
of Powers Peterson). 
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Preface 


This volume presents a practical approach for clinicians who work with patients 
afflicted with diseases of the lymphoid system and bone marrow. Associated 
biochemical, hematological, and chromosomal abnormalities, as well as infectious 
complications, are covered because of their importance in managing patients 
with lymphatic diseases. In addition, cell kinetics and the classification of lym- 
phocytic lymphomas are included because familiarity with these subjects leads 
to a better understanding of the physiology of the disease. 

Radiological techniques that aid the clinician in the diagnosis and management 
of diseases of the lymphoid tissue are discussed. The explosive interest in patients 
with generalized acquired (auto) immune deficiency syndrome (AIDS) prompted 
the inclusion of a chapter exclusively devoted to this topic. Finally, the chapter 
dealing with psychological aspects of patients with cancer allows the reader 
to become familiar with useful techniques. 

Distilled from a vast array of data and representing the most up-to-date 
material available, this volume is intended to be of interest to internists, oncolo- 
gists, hematologists, radiotherapists, nurses, and anyone in an associated pa- 
ramedical field who may be involved in the care of patients with diseases of 
the lymphatic system. 
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Ten examples of the histology of malignant Lymphoma, including Hodgkin’s and non- 
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2 well differentiated lymphocytic type, diffuse (Rap.) 
low grade, lymphocytic (B-CLL) (Kiel) 
small lymphocyte (L) 
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3 mixed lymphocytic and histiocytic type, diffuse (Rap.) 
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(430x) 


4 histiocytic type, diffuse (Rap.) 
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high grade, immunoblastic (Kiel) 
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immunoblastic sarcoma (L) 
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Hodgkin’s Disease 


BENJAMIN KOZINER 


The initial enthusiasm that followed the dramatic 
progress in the treatment of Hodgkin’s disease 
(HD) has been tempered by concern over the 
short- and long-term iatrogenic effects. Moreover, 
this skepticism has been reinforced by the lack 
of appropriate understanding of the fundamental 
biologic features and pathogenetic mechanisms of 
the disease. 


Histopathology 


Over 150 years ago, Thomas Hodgkin reported 
on the pathologic findings of seven patients af- 
flicted by the enlargement of lymph nodes and 
spleen.”> His name has remained associated with 
this lymphoid disease since the acknowledgment 
made by Wilks in his 1865 report.!8! Further defi- 
nition of the histologic features of the disease and 
the definitive recognition of the multinucleated gi- 
ant cell was provided by Sternberg!® in 1898162 
and Reed! in 1902. In 1944, Jackson and Parker 
proposed the histologic division of HD into three 
subtypes: paragranuloma, granuloma, and 
sarcoma.®* This classification was replaced by the 
one proposed by Lukes and Butler! in 1966, and 
subsequently by the Rye modification of this 
scheme, which is currently in use.!!° Basically, four 
histologic subtypes are recognized: lymphocyte 
predominance, nodular sclerosis, mixed cellular- 
ity, and lymphocyte depletion. This prognostically 
significant subgrouping reflects decreasing degrees 
of lymphoid infiltration and the interaction of dif- 
ferent mononuclear cell populations with lack of 
well-defined criteria of invasiveness characterized 
by the neoplastic processes.92-133 


Lymphocyte predominance is characterized 
histologically by an abundance of small lympho- 
cytes, a scarcity of typical Sternberg-Reed (S-R) 
cells, and a variable proportion of the “lympho- 
cytic—histiocytic” variant of the S-R cell, accord- 
ing to the Lukes and Butler terminology. The 
common clinical presentation of lymphocyte pre- 
dominance is that of high cervical lymphade- 
nopathy in a young asymptomatic male. Both sub- 
diaphragmatic and extranodal involvement are 
most unusual. This is the most prognostically fa- 
vorable of all four subtypes. 

The main histologic features of nodular sclero- 
sis are the presence of bands of collagenous fibrosis 
subdividing the lymph node into nodules and the 
“lacunar” cell variant of the S-R cell. Clinically, 
nodular sclerosis most commonly afflicts young 
asymptomatic females presenting with mediastinal 
involvement. Rarely, there is subdiaphragmatic or, 
more rarely, extranodal spread. It is prognostically 
favorable category unless there is massive medias- 
tinal and/or hilar lymphadenopathy. 

The mixed cellularity subtype is characterized 
by cellular pleomorphism with a variable admix- 
ture of plasma cells, eosinophils, lymphocytes, and 
histiocytes and a moderate number of S-R cells. 
A more frequent incidence of subdiaphragmatic 
and symptomatic “B” disease (see section on Stag- 
ing) makes the prognosis less favorable than that 
of the previously described subtypes. However, due 
to the widespread use of laparotomy and splenec- 
tomy with recognition of occult HD, the prognos- 
tic differences between mixed cellularity and no- 
dular sclerosis have for practical purposes dis- 
appeared. 

Both variants of lymphocyte deletion, reticular 


and diffuse fibrosis, display a marked depletion 
of cellular elements, including lymphocytes, with 
an increase in the reticular framework." Numer- 
ous typical and atypical “‘anaplastic” S-R cells are 
common, mostly in the reticular variety. Postche- 
motherapeutic and postradiotherapeutic changes 
in lymphoid tissue infiltrated with HD tend to 
resemble both histologic variants of lymphocyte 
deletion and deserve appropriate distinction. Lym- 
phocyte deletion represents the most aggressive 
subtype of HD, affecting mainly an older sympto- 
matic population presenting with pancytopenia, 
anergy, frequent absence of peripheral lymphade- 
nopathy, hepatosplenomegaly, and bone marrow 
infiltration. Retroperitoneal nodes are often in- 
volved. 

Although most cases can readily be classified 
among the four categories described, approxi- 
mately 15% of the patients present with features 
that make classification difficult. Among those 
cases, presumably there were some in which the 
diagnosis of immunoblastic lymphadenopathy 
would have been entertained at the present time. 


Epidemiology 


The common bimodal distribution of HD in the 
young (two subgroups, with peak risks at 0-14 
and 25-30 years, respectively) and the elderly 
(peak risk over 50 years) is associated with particu- 
lar histologic subtypes and clinical presentations. 
This bimodality has been used as an argument 
to suggest the possibility that these two forms have 
different etiologic and pathogenetic mechanisms. 
MacMahon!!! proposed that HD might represent 
a chronic granulomatous inflammation in young 
adults and neoplasia in the elderly. According to 
Gutensohn and Cole,®’ HD in the younger popula- 
tion might present originally as an infection pro- 
cess, probably viral, and acquire malignant poten- 
tial as the age at infection progresses due to geo- 
graphic and socioeconomic conditions. The in- 
creased incidence of HD observed in relation to 
reduced family size®* and tonsillectomy!” could 
be explained by these factors.® 

The possible infective and transmissible poten- 
tial of HD suggested by the description of “clus- 
ters” of HD among high school classmates??? has 
been rigorously challenged.®-159 A high incidence 
of serum antibodies against the Epstein-Barr 
virus’? and herpes virus type II,25 as weil as cyto- 
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megalovirus,°* has been reported in patients with 
HD. However, these studies have failed to provide 
convincing evidence that viruses have a role in 
the etiology of HD, since the viral genome has 
not been found in involved tissues.%* 

Bjorkholm et al. demonstrated functional T 
lymphocyte defects in monozygotic and dizygotic 
twin siblings of HD patients.!° They also described 
a similar T cell deficiency in spouses and relatives 
of patients with HD.! Grufferman et al. reported 
on the higher risk of sex-concordant siblings of 
patients with HD as compared with the general 
population.® These observations suggest not only 
a genetic linkage or susceptibility (supported by 
the increased association with Al, B5, and B18 
HLA antigens)'® but also the horizontal transmis- 
sion of the causative agent. 


Biology 


An interesting hypothesis for the pathogenesis of 
HD was formulated by Order and Hellman almost 
a decade ago.1% They proposed that T cells are 
infected by a tumor-inducing virus that causes a 
change in cell surface antigenicity. This alteration 
causes T-T cell interactions, such as occur in the 
graft-versus-host reaction, that could subsequently 
lead to lymphocyte depletion and the development 
of a malignant histocytic line. 

Although the neoplastic nature of HD is clini- 
cally beyond doubt, its biologic confirmation has 
been hampered by the failure to identify the pre- 
dominant malignant cell. Recent evidence based 
on cytogenetic and cell culture studies suggests 
that the giant cells in HD exhibit two essential 
features of neoplastic cells: aneuploidy and clonal 
origin. 

Cytogenetic analysis of lymphoid tissue infil- 
trated by HD has shown a variable population 
of aneuploid (often hypotetraploid) cells.1?5-185 
Moreover, marker chromosomes have also been 
described.152 The establishment by Kaplan and 
Gartner of long-term cell cultures of mono- and 
multinucleate HD cells derived from involved 
spleens allowed the detailed analysis of their phe- 
notypic and cytogenetic features.®® Although the 
mononuclear HD cells were predominant, multi- 
nucleate giant forms resembling S-R cells were 
also present. Lysozome secretion was consistently 
observed in all HD cultures tested. The giant cells 
were adherent and phagocytic, possessed both Fc 
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and complement receptors (C3b), and lacked lym- 
phocyte markers such as C3d receptors, surface 
IgM, and the capacity to form sheep erythrocyte 
(SRBC) rosettes. Although earlier reports argued 
in favor of the B cell nature of the S-R cell based 
on the detection of cytoplasmic immunoglobulin, 
Kadin et al. demonstrated that both kappa and 
lambda light chains were present intracellularly 
which were more likely the result of phagocytosis 
than synthesis.*> Fibronectin was also detected in 
the cytoplasm of S-R cells by indirect immuno- 
fluorescence with a monospecific antibody.1%6 
These phenotypic features strongly favor the deri- 
vation of S-R and HD cells from the histocyte- 
macrophage line. Binuclear and multinucleate 
cells, but mostly the mononuclear HD cells, were 
capable of active DNA synthesis and binuclear 
mitotic division.8° These data differ from previous 
observations that characterized the S-R cell as a 
nonproliferating end-stage component of the neo- 
plastic process. Moreover, the giant cells displayed 
aneuploidy (hyperdiploidy, hypotetraploidy) con- 
sistently, and when transplanted into nude ath- 
ymic mice, resulted in tumor formation with simi- 
lar phenotypic and cytogenetic features. Although 
the observations reported by Kaplan’s group will 
require confirmation by other investigators, they 
provide rational biologic proof of the neoplastic 
nature of HD. 

Schaadt et al. were also able to establish two 
cell lines with the characteristic morphology of 
mononuclear and multinucleate S-R cells}47 from 
pleural effusions of two patients with HD. Both 
lines complied with the criteria of heterotrans- 
plantability in nude mice and a monoclonal pat- 
tern of marker chromosomes required for accep- 
tance as putative neoplastic lines. However, in 
contrast with the observations of Kaplan and Gart- 
ner,®° the only surface markers detected on the 
cultured cells were “Ia-like” antigen and rosette 
formation with SRBC-rosetting lymphocytes. 
Both lines failed to produce lysozyme. These phe- 
notypic features are not compatible with the histio- 
cyte—macrophage lineage proposed by the group 
at Stanford and await further confirmation. 


Immunology 


Several studies of delayed cutaneous hypersensitiv- 
ity in HD have documented an increased but varia- 
ble incidence of anergy to recall antigens. 1:22-44,184 


However, when sensitive skin testing to new anti- 
gens was employed, anergy to vigorous antigenic 
challenge such as 2,4-dinitrochlorobenzene was 
usually limited to patients with active disease and 
constitutional symptoms.!1822184 A significant 
number of patients with HD are lymphopenic 
(15%-40%),? and this abnormality appears to be 
more frequently associated with dissemination of 
the disease and the lymphocyte deletion 
subtype.*+184 

Great variability in the number of B and T 
lymphocyte populations has been reported. How- 
ever, the lymphopenia seems to be due mainly 
to a reduction in SRBC-rosetting (T) lym- 
phocytes.?239 Fuks et al. reported on the im- 
paired capacity of peripheral blood lymphocytes 
from untreated patients with HD to form SRBC 
rosettes and to respond in vitro to phytohemagglu- 
tinin (PHA) stimulation.®> Overnight incubation 
of the peripheral blood lymphocytes in culture me- 
dia containing 20% fetal calf serum was followed 
by restoration of the percentage of SRBC-rosetting 
cells to normal levels and of their capacity to re- 
spond normally to PHA. Similar results were ob- 
served after incubation in fetal human serum but 
not in adult human AB serum or adult bovine 
serum. These findings suggest that there is a spe- 
cific interaction between serum factors and the 
surface of peripheral blood SRBC-rosetting lym- 
phocytes in HD. 

It had been shown previously that lipopro- 
teins,?2_ antilymphocyte antibodies,** and C-re- 
active protein!!® impair SRBC rosette formation. 
Both C-reactive protein!8* and ferritin** levels have 
been found to be elevated in patients with HD. 
Furthermore, a similar blocking effect of SRBC 
rosette formation has been described for ferritin 
(or apoferritin) that interestingly was reversed in 
vitro by levamisole (an antihelmintic and presump- 
tive immunopotentiator).!!7 Bieber et al. at Stan- 
ford found that extracts from involved spleens with 
HD contained a factor inhibitory to SRBC rosette 
formation.® On preliminary analysis it appeared 
to be a low-density lipoprotein, but upon further 
biochemical characterization it proved to be a gly- 
colipid. 

DeSousa et al. proposed that metal-binding pro- 
teins, including ferritin, transferrin, and lactofer- 
rin, have a role in lymphocyte “ecotaxis.’’° This 
hypothesis attempts to explain the mechanisms 
governing lymphocyte circulation and tissue distri- 
bution on the basis of cellular interactions depen- 


dent on surface phenotypes of developmental sig- 
nificance. Iron and ferritin deposits have been 
detected in tissue sections from spleens involved 
by HD. Moreover, by immunofluorescent staining, 
ferritin was also observed in the large binuclear 
cells of pleural effusions and short-term spleen cell 
cultures involved by HD.1®© According to DeSousa 
et al., the main pathogenetic mechanism of the 
immunodeficiency state in HD might involve the 
failure of lymph node and splenic monocytes to 
handle iron and iron-binding proteins normally, 
resulting in T lymphocyte sequestration.®® Splenic 
lymphocytes, in contrast to those from the pa- 
tients’ peripheral blood, show elevated proportions 
of SRBC rosettes and relatively normal PHA 
reactivity.?91!2 Splenectomy results in an increase 
in the peripheral blood SRBC-rosetting cells and 
a return to normal of the lowered PHA responsive- 
ness observed in untreated patients with HD.3%17 

The somatic cell hybridization technique for 
the production of specific monoclonal antibodies® 
has allowed the characterization of functionally 
distinct T cell subsets. The analysis of peripheral 
blood lymphocytes in untreated patients with HD 
was remarkable only for a reduction in the number 
of total T cells (T3*) in patients with “B” symp- 
toms. Normal proportions of helper (T4*) to sup- 
pressor—cytotoxic (T5*) cells were observed and 
were not altered after splenectomy.'®° By immuno- 
peroxidase staining of tissue sections and indirect 
immunofluorescence of cell suspensions, Poppema 
et al. demonstrated that the majority of splenic 
lymphocytes were of T cell type (T1*, T3*) and 
most of these bore the helper—inducer phenotypic 
marker (T4*), with a minority of suppressor—cyto- 
toxic (T5*, T8*) cells.128 Ia antigen was expressed 
in the surface of some T cells (suggesting cellular 
activation) and in the surface membrane and cyto- 
plasm of S-R cells which otherwise failed to stain 
with the entire panel of T cell monoclonal antibod- 
ies. 

Impaired lymphocyte function was one of the 
earliest findings in the immunologic evaluation of 
HD patients, although it was unclear whether the 
defect was intrinsic to HD or the result of the 
immunosuppressive effects of radiotherapy and/ 
or chemotherapy.**4 A dose-dependent defect in 
lymphocyte stimulation by PHA was not only ob- 
served in untreated patients with advanced HD, 
but also in untreated patients with localized disease 
and in patients free of disease for 2-8 years after 
radiotherapy for HD.'°? Similar hyporesponsive- 
ness was found with concanavalin A and pokeweed 
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mitogen.2?-44,76 Although the impaired mitogen re- 
sponsiveness was most consistently reported in pa- 
tients with advanced stage, it could also be ob- 
served with localized disease.* 

It has been reported that prostaglandin-produc- 
ing suppressor cells may have a role in the hypores- 
ponsiveness to PHA seen in HD.® Addition of 
indomethacin to PHA cultures of lymphocytes in 
patients with HD resulted in an increase in thymi- 
dine incorporation as compared with controls. 
PHA cultures of HD lymphocytes produced ap- 
proximately a fourfold increase in prostaglandin 
E, after 48 hours. Removal of glass-adherent cells 
markedly decreased the enhancement seen with 
indomethacin, reduced prostaglandin Ee produc- 
tion by more than 80%, and eliminated the differ- 
ences in response to PHA between HD and normal 
lymphocytes. It was proposed that a glass-adher- 
ent, prostaglandin-producing suppressor popula- 
tion is responsible for the PHA hyporesponsive- 
ness seen with HD lymphocytes. 

The early literature documented the lack of sig- 
nificant impairment of humoral immunity in HD. 
Marked abnormalities in the primary antibody re- 
sponse that correlated with clinical prognosis*® 
were detected only in the advanced stages. Hypo- 
gammaglobulinemia is infrequent, and hypergam- 
maglobulinemia is present in approximately one- 
third of the patients.115 

Elevated levels of circulating immune com- 
plexes were also detected on 50% of untreated 
patients with HD, but in only 5% of patients in 
complete remission after treatment.1? Although no 
correlation could be established between the level 
of immune complexes and the presence of constitu- 
tional symptoms or histologic subtype, there was 
a relationship with stage. Elevated levels of circu- 
lating immune complexes were observed in stages 
III and ITI but not in stage IV, presumably due 
to the failure of antibody production in this ad- 
vanced stage. Brandeis et al.!8 also described ele- 
vated immune complex levels in children with HD, 
but in contrast to the results reported by Brown 
et al.,}7 there was progressive increase in levels 
from stages I to IV. 

Longmire et al. reported an increased total 
splenic IgG synthesis in most patients with HD 
studied. Mean IgG production by uninvolved 
or slightly involved spleens was 5 and 11 times 
normal, respectively, in contrast to only a 2-fold 
increase over normal levels in heavily involved 
spleens. When the IgG produced in culture by 
spleens affected by HD was incubated with homo- 
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logous lymphocytes, significant IgG binding was 
found. These data suggest that the spleen in HD 
responds with antibody synthesis to some antigen 
associated with lymphocytes. This deranged B 
lymphocyte reactivity in HD, with the production 
of antibodies having cross-specificity to nonmalig- 
nant (but perhaps virus-infected) T cells, may be 
partly responsible for the adenopathy found on 
biopsy to be reactive follicular hyperplasia. Falsely 
abnormal lymphangiograms and enlarged spleens 
without evidence of tumor invasion are relatively 
common occurrences and may be explained by 
this unusual lymphocyte reactivity. The same 
group reported that IgG produced in cultures of 
splenic lymphocytes that were obtained from pa- 
tients with HD would bind to a population of 
homologous peripheral blood lymphocytes and ini- 
tiate antibody-dependent cytotoxicity.1°7 This 
mechanism might explain the anergy and lym- 
phopenia often seen in HD. 

A most comprehensive multivariate analysis of 
T cell function and circulating serum factors in 
HD was recently reported by Schulof et al.4°° Each 
of the 31 untreated HD patients studied (15 in 
stages I-II and 16 in stages III-IV) demonstrated 
at least one defect in the many parameters ana- 
lyzed. T cell colony formation, chemotaxis, and 
PHA responsiveness were the functional studies 
most frequently found to be abnormal and were 
generally related to advanced disease. Moreover, 
more than two-thirds of the patients studied dem- 
onstrated elevated immune complex and prosta- 
glandin levels. The latter abnormality was associ- 
ated with increased PHA responsiveness and 
depressed T cell colony formation. A significant 
direct relationship was also observed between se- 
rum zinc levels and T cell chemotaxis. Despite 
the comprehensive investigation undertaken by 
Schulof et al., their conclusion was that the de- 
ranged immunity of HD patients was the result 
of multiple complex factors, including intrinsic T 
cell defects. 

Although Case et al. reported normal numbers 
of B and T lymphocytes in HD patients after 5 
years in clinical remission following radiother- 
apy,?5 persistently low numbers of SRBC-rosetting 
lymphocytes were demonstrated by Fisher et al. 
in HD patients 10 years after receiving nitrogen 
mustard, vincristine, procarbazine, and prednisone 
(MOPP) chemotherapy.5? However, both radio- 
therapy and chemotherapy resulted in marked mi- 
togen hyporesponsiveness in the two groups of 
long-term complete responders. These defects were 


not observed in patients with histiocytic lym- 
phoma similarly treated and followed, suggesting 
an intrinsic immunologic defect in HD patients.5? 

Specific antibody response against Hemophilus 
influenzae type B was significantly reduced in pa- 
tients receiving combined treatment (radiotherapy 
and chemotherapy), whereas single-mode treat- 
ment reduced titers marginally (chemotherapy) or 
not at all (radiotherapy).!78 Untreated patients had 
normal values, and splenectomy had no effect. 
Therefore, aggressive treatment with chemother- 
apy and irradiation impairs humoral defense 
against encapsulated microorganisms and thus 
magnifies the risk of postsplenectomy septicemia 
in patients with HD. Moreover, the antibody re- 
sponse to pneumococcal vaccine was profoundly 
impaired in patients who had received intensive 
treatment for HD.? The development of herpes 
zoster is a frequent event among patients with HD, 
in the range of 15%-19%, compared to an inci- 
dence of less than 0.05% in the general 
population.59-18? Its incidence appears to be greater 
after splenectomy!*® and after completion of ra- 
diotherapy,'*? and a small proportion of these pa- 
tients develop disseminated herpes zoster. 


Staging 


The original three-stage scheme proposed by 
Peters?”* to classify prognostically distinct patient 
groups was replaced by the staging system formu- 
lated in 1971 at the Ann Arbor Workshop.?! This 
classification was based on observations gathered 
mostly by the use of lower extremity 
lymphangiography.9? This technique enabled the 
recognition of retroperitoneal node involvement 
and resulted in an improved understanding of the 
patterns of lymphatic spread. 

The Ann Arbor classification consists of four 
stages that can be established clinically or patho- 
logically, in the latter instance by histologic confir- 
mation of involvement by HD in multiple biopsies 
at laparotomy. It should be emphasized that the 
Ann Arbor clinical staging classification (Table 
1-1) applies only to patients at the time of disease 
presentation and prior to definitive therapy. Both 
liver and bone marrow involvement are always 
considered to indicate stage IV. Involvement of 
other extranodal sites such as bone (,), lung ()), 
pleura (,) or skin (,) could be considered either 
an “E” lesion (designated stage number) if local- 
ized and contiguous to an involved nodal area, 


TABLE 1-1 Clinical Staging Classification 


Stage Definition 


I Involvement of a single lymph node region 
(1) or of a single extralymphatic organ or 
site (Iz) 

Il Involvement of two or more lymph node re- 
gions on the same side of the diaphragm 
(II) or localized involvement of an extra- 
lymphatic organ or site and one or more 
lymph node regions on the same side of 
the diaphragm (IIg) 

Involvement of lymph node regions on both 
sides of the diaphragm (III), which may 
also be accompanied by involvement of the 
spleen (IIIs) or by localized involvement 
of an extralymphatic organ or site (IIIs), 
or both (IIIsz) 

Diffuse or disseminated involvement of one 
or more extralymphatic organs or tissues, 
with or without associated lymph node in- 
volvement 


Ill 


IV 


or stage IV disease if multiple and/or isolated from 
other nodal areas of HD. Splenic involvement at 
splenectomy is designated by an (,). The absence 
of constitutional symptoms is noted by an “A” 
subscript. The subscript “B’” symptoms include 
unexplained weight loss of more than 10% of body 
weight within 6 months, unexplained fever, and 
night sweats. Pruritus and pain in involved areas 
following alcohol intake do not qualify as “B” 
symptoms. 


Clinical Staging 


A basic evaluation for extent of disease at presenta- 
tion should include histologic confirmation of di- 
agnosis, history and physical examination, liver 
biochemical studies, complete blood count, chest 
x-ray, and lymphangiogram unless contraindicated 
by previous history of allergy or restrictive lung 
disease.13° Both serum copper and erythrocyte sed- 
imentation rates fluctuate with disease activity but 
should not be considered reliable diagnostic pa- 
rameters on which to base therapeutic decisions. 

Whole-lung tomography or computerized axial 
tomography of the chest should be performed in 
those patients with bulky mediastinal masses and/ 
or hilar involvement to rule out contiguous paren- 
chymal lung involvement that might alter the ra- 
diotherapy portals. An intravenous pyelogram is 
not routinely indicated for the initial staging of 
HD unless the lymphangiogram shows the pres- 
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ence of bulky low para-aortic or pelvic nodes, in 
which case it might be useful to demonstrate ure- 
teral obstruction and help in the design of the 
radiotherapy portal. Liver and spleen scan, skeletal 
survey, bone scan and gastrointestinal survey are 
not routinely indicated for the initial evaluation. 

Computerized axial tomography of the abdo- 
men gives reliable information regarding the pres- 
ence of high para-aortic, celiac, porta hepatic, and 
mesenteric nodal involvement, not regularly dem- 
onstrated by lower extremity lymphangiogram.*® 
Radioisotopic gallium scan appears to be much 
more accurate for the detection of HD in the neck 
and chest than in the abdomen.!!3 It has been 
reported from various centers that the combination 
of gallium and CT scanning might have reliability 
similar to a lymphangiogram and have the addi- 
tional advantage of potentially demonstrating high 
para-aortic nodal disease. However, our own expe- 
rience does not confirm these conclusions. We have 
found gallium scan to be of relative usefulness only 
in the follow-up of mediastinal HD to distinguish 
it from radiation-induced mediastinal fibrosis. 

When only clinical staging is planned, laparos- 
copy and guided liver biopsy*4? are most useful 
diagnostic tools to pursue the findings of abnormal 
liver chemistries (abnormal alkaline phosphatase 
and 5’-nucleotidase), positive lymphangiography, 
and/or suspected splenic involvement (clinical or 
radiologic evidence of splenomegaly or splenic de- 
fects). This indication is strengthened if constitu- 
tional “B” symptoms are present. Bone marrow 
aspiration and biopsy are probably not required 
for the initial staging of the common asymptomatic 
patient with stage I or II. However, they definitely 
should be performed upon clinical or pathologic 
evidence of stage III or IV disease and/or constitu- 
tional “B” symptoms.}87 

Due to its prognostic implications, HD in indi- 
viduals more than 50 years of age deserves careful 
evaluation for the extent of disease and a close 
follow-up. Independent of the increased incidence 
of the lymphocyte deletion subtype in the elderly, 
there is a tendency for advanced stage, extranodal 
involvement, and poor tolerance and response to 
radiotherapy and/or chemotherapy.1 


Pathologic Staging 


According to the report of the Ann Arbor Com- 
mittee, laparotomy and splenectomy for initial 
staging of HD should be performed only as a re- 
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search tool for populations in study, or if a thera- 
peutic decision will depend on the identification 
of abdominal disease.1°° Staging laparotomy 
should include splenectomy and biopsy of suspi- 
cious para-aortic, celiac, porta hepatic, splenic hi- 
lar and/or iliac nodes, and liver and bone marrow 
from the iliac crest. It should be performed by 
surgeons well informed about the clinical indica- 
tions and expectations of the procedure.”° 

Staging laparotomy studies have revealed that 
HD is often more widely disseminated than is first 
apparent.*4057.91.123 The spleen is often involved 
when it is not evident clinically. Depending on 
the histologic type, unsuspected splenic involve- 
ment has been found in 20%-33% of patients upon 
careful examination of multiple tissue sections. In 
addition, the spleen is involved more often than 
the liver, and as the spleen size increases the inci- 
dence of liver involvement increases. Liver involve- 
ment almost never occurs without splenic 
involvement.‘°57-91 Patients with clinical stage III 
have approximately a 20% chance of having iden- 
tifiable liver involvement with HD‘ and should 
therefore have operative examination of the liver 
by laparotomy or laparoscopy. Moreover, liver in- 
filtration by HD is frequently associated with “B” 
symptoms and additional evidence of disease activ- 
ity elsewhere. Histologically, it is characterized 
by lymphocytic infiltration of portal areas and re- 
quires the presence of typical or variant S-R cells!38 
for confirmation. Similar histologic features are 
necessary in order to diagnose HD involvement 
in other extranodal sites. Of interest is the fact 
that sarcoidlike granulomas in liver and spleen 
have been associated with an improved survival 
in comparison to similar groups of patients without 
granulomas.144 

Although it is not recommended as a necessary 
procedure for assessment of response to therapy, 
posttreatment laparotomy in HD patients has pro- 
vided interesting information. Sutcliffe et al. re- 
ported that restaging laparotomy revealed persis- 
tent HD in 4 of 19 patients otherwise considered 
to be free of abdominal disease after chemother- 
apy, and the spleen was the most frequently in- 
volved site.16? These findings argue in favor of sys- 
tematic clinical restaging in all patients upon 
completion of their particular treatment programs, 
with the provision of pathologic evaluation for re- 
sidual HD in the occasional suspected patient. 

The combined data from several series show 
the morbidity from laparotomy averages 11% and 


ranges from 7% to 44%,16-47,114,123.158 Mortality 
is approximately 1.5% (range 0-7%),1647-114.123 
The risk of bacterial sepsis by either Streptococcus 
pneumoniae (pneumococcus) or Hemophilus influ- 
enzae appears to be significant, especially in chil- 
dren following splenectomy. In one laparotomy 
series, the risk of serious and sometimes fatal infec- 
tion in lymphoma patients did not exceed the risk 
following splenectomy for other reasons.!49 How- 
ever, this experience was different from that of 
other investigators,4°* the risk has been reported 
to be as high as 10% in children*! and 20% in 
adult patients!”” treated for HD with irradiation 
and/or chemotherapy. The ability of the pneumo- 
coccal vaccine to prevent overwhelming postsple- 
nectomy infection is doubtful. The currently avail- 
able vaccine contains only 14 different 
polysaccharide serotypes providing immunization 
for 80% of all pneumococcal infections.26151 
Moreover, pneumococcal vaccination has been 
most frequently administered after staging laparot- 
omy and splenectomy and the poorest responders 
were the patients receiving intensive chemotherapy 
and radiotherapy.'55 At the present time pneumo- 
coccal vaccination appears most helpful in young 
patients prior to splenectomy and initiation of 
therapy.!°! The prophylactic administration of 
penicillin following splenectomy has been limited 
to the pediatric population.3! 

In regard to the possible advantages to be ob- 
tained by performing a splenectomy—such as re- 
duction in the radiotherapy field size decreasing 
the risk of renal damage and radiation injury to 
a small portion of the left lung—it should be noted 
that these radiation effects can be avoided by shap- 
ing the splenic field by means of computerized 
axial tomography.!?” Oophoropexy with transposi- 
tion of the ovaries, laterally or to the midline be- 
hind the uterus, should be part of the laparotomy 
procedure in young female patients. 169 


Therapy 


Stages I-II 


The significant improvement in the prognosis of 
the early stages of HD has resulted from the con- 
tinuous progress in the development of radiothera- 
peutic techniques, contributed to by Gilbert,5¢ 
Kaplan,®*87 and Peters,!26 among others. The ad- 
ministration of tumoricida! doses of radiotherapy 


by megavoltage beam equipment to fields encom- 
passing the involved, adjacent, and transdiaphrag- 
matic nodal areas at high risk for relapse has favor- 
ably influenced the remission rate and duration 
as well as survival. 

Several randomized series of surgically?* and 
clinically®!*+%° evaluated patients with stages I and 
II have been reported, in which limited radiother- 
apy compared unfavorably to more extensive ra- 
diotherapeutic approaches with regard to disease- 
free survival (DFS). However, differences in sur- 
vival have been more difficult to prove. Survival 
analysis at 10 years of the patients included in 
the National HD Study failed to reveal any differ- 
ences between the groups treated with involved- 
field (IF) and extended-field (EF) radiotherapy 
(71% versus 75%, respectively).8? Patients as- 
signed to the IF program received treatment to 
include all areas of known disease plus a margin. 
EF included a mantle (mediastinal, hilar, supra- 
clavicular, infraclavicular, cervical, and axillary 
node chains) (Figures 1-1 and 1-2) plus para-aor- 
tic and splenic fields for all patients with upper 
torso disease. An inverted Y port encompassing 
spleen or splenic pedicle, para-aortic, iliac, ingui- 
nal, and femoral node chains was used for patients 
presenting with disease in the lower torso (Figures 
1-3 and 1-4). Patients with involvement of para- 
aortic nodes and spleen were treated with inverted 
Y plus mantle fields. A dose of at least 3500 rads 
in 3-4 weeks was given to all prescribed fields. 

Preliminary analysis of 146 patients treated at 
Memorial Hospital (M.H.), New York City, with 


FIGURE 1-1 Beam film of mantle portal setup. 
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three different therapeutic modalities (IF, EF, or 
IF radiotherapy “sandwiched” between six cycles 
of MOPP chemotherapy) for stages I and II HD 
(Table 1-2) showed a significant improvement in 
the duration of remission free of any local or dis- 
tant extensions achieved by a combination of IF 


FiGuRE 1-2 Simulator film to design the shielding for 
mantle portal. 


FiGuRE 1-3 Beam film of upper para-aortic, splenic 
pedicle, and porta hepatic nodes portal. 
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Ficure 1-4 Portal design for the inverted Y. 


irradiation and MOPP chemotherapy (Figure I- 
5). However, no differences on the overall survival 
have been observed up to the present. The IF and 
EF groups were treated from 1969 to 1973 within 
the randomized National HD Study. MOPP plus 
IF therapy was begun subsequently (1975-1979) 
as a single-arm trial.3>96 

Analysis of the relapses observed in our group 
of patients® revealed that MOPP plus IF was suc- 
cessful in preventing distant transdiaphragmatic 
relapses in all except | of the 66 evaluable cases 
(Table 1-3). Although median follow-up time for 
this group has been only 42 months, the median 
time to relapse has been approximately 18 months. 
Despite the different follow-up times, the combina- 
tion of MOPP chemotherapy and IF radiotherapy 
resulted in a significant decrease in the relapse 
rate compared with radiotherapy alone. Further- 
more, IF radiotherapy compared unfavorably to 
EF radiotherapy in regard to relapse rate (mainly 
in nonsurgically staged and stage IA patients), the 
frequency of extranodal extensions, and the num- 


TABLE 1-2 Characteristics of the Patient Population 


MOPP 
Characteristic IFRT EFRT + IF RT 

Total patients 46 46 76 
Evaluable patients 40 40 66 
Sex 

Male 20 18 32 

Female 20 22 34 
Median age (years) 25 24 29 
Histology 

Nodular sclerosis 32 24 46 

Mixed cellularity 7 14 12 

Lymphocyte predom- 

inance 1 1 7 

Not subclassified — 1 1 
Laparotomy 

Yes 28 26 14 

No 12 14 52 
Stage 

IA 7 12 20 

TAg (lung) — — 1 

IIA 27 23 39 

ITAg (lung) — — 3 

IIB 6 5 3 


Abbreviations: IF RT and EF RT, involved-field and extended- 
field radiotherapy, respectively; MOPP, nitrogen mustard, vin- 
cristine, procarbazine, and prednisone. 
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ber of patients who are alive with recurrent HD 
or have died from HD. 

This study has also shown that in a comparable 
group of patients, the performance of staging lapa- 
rotomy followed by EF was an inferior program 
to clinical staging alone followed by MOPP plus 
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TABLE 1-3 Analysis of Relapses 
IF RT EF RT MOPP + IF RT 
Nature of Relapse No. % No. % No. % 

Relapses from 

CR 23/38 61 17/36 47 2/64 3 

PR 2/2 (1 died) 4/4 (3 died) 2/2 (2 ITAE died) 
Median follow-up (months) 96 102 42 
Median relapse time (months) 15 (2-106) 24 (3-76) 18 (12-24) 
Laparotomy 

Yes 15/27 55 12/25 48 0/13 

No 8/11 72 5/11 45 2/51 4 
Relapses in stages 

IA 5/7 71 3/12 25 1/21 5 

IAg _ —_ — — 0/1 0 

IIA 14/26 54 11/21 52 0/43 0 

IIAg — — — — 0/1 0 

IIB 4/5 80 3/3 100 1/2 50 
Site of relapse 

Nodal Regional 7 7 

Transdiaphragmatic 4 8 1 

Extranodal 12 2 — 
Status of CR relapsed 

Alive, no evident disease 11 14 2 

Alive with HD 3 — 

Died with HD 5 — — 


Abbreviations: IF RT and EF RT, involved-field and extended-field radiotherapy; MOPP, nitrogen mustard, vincristine, procarba- 
zine, and prednisone; CR, complete remission; PR, partial remission. 


IF with regard to DFS (Figure 1-6). Although 
this conclusion is based on the comparison of two 
selected groups and should be confirmed in a 
proper randomized trial, it stresses the controver- 
sial role of surgical staging in determining the most 
appropriate therapy for patients with HD. Perti- 
nent to this point are the 5-year results of the 
EORTC randomized study of splenectomy versus 
splenic irradiation in 30 patients with supradia- 
phragmatic clinical stages I and II HD.'7° All pa- 
tients were treated similarly with mantle and para- 
aortic node irradiation despite the degree of 
involvement observed in the laparotomy plus sple- 
nectomy group. Both actuarial survival and DFS 
were similar for the splenic irradiation and sple- 
nectomy arms (90% and 62%-67%, respectively). 
However, 42% of those patients found to have 
splenic involvement in the splenectomy arm re- 
lapsed, compared with an incidence of only 17% 
for those without splenic involvement. The group 
of patients with splenic involvement also had a 
2-fold increase in the incidence of extranodal re- 
lapses and a 15-fold increase in the incidence of 
extranodal relapses in nonirradiated nodal areas 
(iliac and inguinal). These observations confirm 


the need for surgical staging for clinical stages I 
and II when only radiotherapy will be adminis- 
tered. However, in the same study, the 5-year re- 
lapse rate was only 11% for patients with mixed 
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cellularity or lymphocyte deletion histologic sub- 
types. This low relapse rate was due to the pro- 
longed administration of adjuvant chemotherapy 
with vinblastine alone or combined with procarba- 
zine for supposedly less favorable disease, eliminat- 
ing the advantage obtained by splenectomy. 

The lack of an obvious survival gain following 
irradiation plus chemotherapy despite obvious dif- 
ferences in DFS appears to be due to the effective- 
ness of current salvage therapy of relapses follow- 
ing radiotherapy with further irradiation and/or 
MOPP, as observed in our series. Portlock et al. 
reported for the Stanford group an actuarial esti- 
mate of DFS of 40% at 5 years for the entire 
group of patients in first relapse, with a median 
of 25 months after salvage therapy.12° However, 
the median survival of those patients relapsing af- 
ter radiotherapy plus chemotherapy was 33 
months, comparing unfavorably with the group 
treated with radiotherapy alone, in which 58% 
of the patients remained alive at 5 years after re- 
lapse. 

In the most recent update of the Stanford expe- 
rience, Hoppe et al.”8 reported that the 5-year DFS 
and survival among 230 patients with pathologic 
stages I and II were 79% and 96%, respectively, 
for radiotherapy alone (total or subtotal lymphoid 
irradiation according to histology) group, and 
87% and 92%, respectively, for the radiotherapy 
(IF for I-IIA, subtotal lymphoid for I-IJA, IJAg, 
or total lymphoid irradiation for I-IIB, IIBg) plus 
chemotherapy (MOPP) groups.”? The presence of 
extensive mediastinal involvement (mediastinal 
mass ratio more than one-third of the intrathoracic 
diameter) was the only significant predictor of HD 
relapse that was not confined to the chest. Histo- 
logic subtyping, systemic symptoms, and limited 
extranodal infiltration were found not to be signifi- 
cant prognostic factors. These observations con- 
trast markedly with our own experience, since 8 
of 10 cases with stage Ip (including 1 of 2 cases 
treated with combined modality) and 2 of 4 cases 
with substage “E” (lung) that achieved only a par- 
tial remission with MOPP plus IF radiotherapy 
have recurred with HD. It should be recognized 
that the radiotherapy fields and dosage used at 
Stanford for stages I and II (subtotal or total lym- 
phoid irradiation including the ipsilateral lung 
upon hilar involvement) reflect an aggressive ther- 
apeutic approach for this pathologically staged 
population. 

Distinct from the Stanford experience, Wiernik 
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et al. compared EF versus EF plus MOPP and 
found a significant survival gain at 8 years in those 
patients treated with the combined modality 
approach./*° At a median follow-up time of 69+ 
months from completion of therapy, 9 of 29 (31%) 
patients with stages I and II treated with EF alone 
had relapsed and 5 had died (18%). In contrast, 
only | of 17 (6%) patients with stages I and II 
treated with the combined modality had relapsed 
and there were no deaths caused by HD. Only 2 
instances of acute myelomonocytic leukemia were 
observed, one at 48 months after EF radiotherapy 
and the other at 45 months after EF plus MOPP. 
In this randomized study, remission durations for 
EF and EF plus MOPP were comparable to ours 
for EF and IF plus MOPP. 

Nissen et al. reported the results of a large, 
prospectively randomized study for the Danish 
National Hodgkin’s Study Group comparing total 
nodal irradiation alone versus mantle radiotherapy 
followed by six cycles of MOPP for pathologic 
stages I and II with supradiaphragmatic HD.}22 
At a median follow-up time of 4 years, significant 
differences in DFS were observed (97% versus 
84%) favoring the use of the combined modality, 
although overall survival was similar for both 
groups. Most pertinent to the analysis of our treat- 
ment groups is the study carried out by the South- 
west Oncology Group in patients with pathologic 
stages I and II, A or B, comparing in a randomized 
fashion EF versus IF followed by six cycles of 
MOPP.?¢ MOPP plus IF was again significantly 
better than EF with regard to DFS in the entire 
population as well as when particular subsets of 
patients were analyzed separately (B symptoms, 
stage II, IIz, IIp, mediastinal presentation), al- 
though overall survival was similar in both groups 
of patients. However, in the Southwest Oncology 
Group trial, both EF and MOPP plus IF resulted 
in DFS that compared unfavorably with other 
series7*-189 and our own experience. 

The possibility that less intensive adjunct che- 
motherapy may achieve similar results deserves 
further investigation. Improved duration of remis- 
sion and survival in stages I and II have been 
reported by Hancock and Ledlie?! with the use 
of a single dose of nitrogen mustard following EF 
irradiation. A similar advantage in DFS and sur- 
vival was reported by the EORTC for a large ran- 
domized study involving the administration of 24 
months of weekly vinblastine following 4000 rads 
EF irradiation.* 
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Up to the present time, no instances of second- 
ary leukemia have been observed among our pa- 
tients. However, one patient with stage I, mixed 
cellularity type, has developed a diffuse poorly dif- 
ferentiated lymphocytic non-Hodgkin’s lym- 
phoma. It is hoped that the limited radiotherapy 
administered to our patients in conjunction with 
MOPP will result in less leukemia compared to 
the experience reported by the Stanford group, 
which employed more extensive radiotherapy.3*" 


Stage IIIA 


From 1969 to 1974, the management of previously 
untreated stage III patients at Memorial Hospital 
was primarily a total nodal irradiation by split 
course and sequential radiation (“three and two”’) 
technique (Figure 1—-7).1#1 During the initial phase, 
radiotherapy (2000 rads in 414 weeks) was admin- 
istered to all lymphoid areas, which were divided 
into three segments: mantle, para-aortic, and pelvis 
plus inguinofemoral areas. After a rest period of 
3-4 weeks, the same total nodal field was divided 
in two encompassing segments and irradiated to 
1800-2000 rads in 314 weeks. This technique mini- 
mizes the risk of overdosage at the junction of 
the portals and reduces the radiotherapy fields due 
to disease shrinkage during the rest period. The 
incidences of radiation-related pericarditis (2%), 
pneumonitis (0%), and hypothyroidism (3%) were 
markedly reduced compared with other radiother- 
apy designs.13? All 26 patients with stage IIIA 
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FiGuRE 1-7 Phases I and II of the “three and two” 
technique for total nodal radiotherapy. 
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treated in this manner achieved a complete re- 
sponse. There were only 4 relapses, all occurring 
in extranodal sites within the first 12 months fol- 
lowing total nodal radiotherapy.!24 

Since 1975, 20 patients with clinical (11 pa- 
tients) or pathologic (9 patients) stage IIIA have 
been treated at Memorial Hospital with total nodal 
radiotherapy (total dose 2000 rads) “sandwiched” 
between six cycles of MOPP chemotherapy. Com- 
plete (CR) and partial remission (PR) rates were 
84% and 16%, respectively. At 42 months median 
follow-up time, only 1 of the complete responders 
had relapsed and all patients were alive. 

In recent years, subdivision of stage IIIA into 
two substages has been proposed to define prognos- 
tic groups that might require different treatment 
modalities. Stage IIIA, includes cases with in- 
volvement of spleen, splenic, celiac, or portal 
nodes, and stage IIIA, encompasses cases with 
involvement of para-aortic, iliac, or mesenteric 
nodes, with or without upper abdominal involve- 
ment. Stein et al., in a collaborative study involving 
130 patients pathologically staged from three dif- 
ferent institutions, found that both 5-year survival 
(94% versus 65%) and DFS (74% versus 46%) 
were significantly better for stage IITA, than for 
IIIA2, respectively.161 Combined chemotherapy 
and radiotherapy was significantly superior to ra- 
diotherapy alone in prolonging DFS at 5 years 
in both stage IIIA, (96% versus 63%) and IIIA2 
(76% versus 32%). However, statistically signifi- 
cant overall survival differences comparing these 
two treatment modalities were evident only in the 
stage IIIAs group (84% for combined modality 
versus 56% for radiotherapy). For stage IIIA, (as 
similarly discussed for stages IA and IIA further 
follow-up might be required to detect any overall 
survival advantage from the use of combined ther- 
apy. 

Stein et al. argued that combined chemotherapy 
and radiotherapy should be used for stage IIJA2 
but that radiotherapy alone would be sufficient 
for stage IIA;.!®1 This view was not shared by 
the Stanford group. Hoppe et al. failed to find 
prognostic differences for the two substages; how- 
ever, they used more extensive radiotherapy (total 
lymphoid with supplemental radiation to liver).”® 
Still, the Stanford investigators favored the use 
of combined therapy for patients with stage IIIA 
and diffuse splenic involvement and/or five or 
more involved nodal chains. 

Several groups have reported on the use of che- 
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motherapy alone for stage IIJA. Although DeVita 
et al.*3 observed a 100% overall survival with the 
use of MOPP chemotherapy for a group of 23 
patients with stages ITA, IIIA, and IVA, with only 
1 relapse at 10 years, the British National Lym- 
phoma Investigation® found in a randomized 
study that at 2 years, DFS for MOPP chemother- 
apy patients (53%) was significantly less than that 
of patients treated with total nodal radiotherapy 
(71%). 

Patients with stage IIIB have more aggressive 
HD. With the use of total nodal radiotherapy, a 
median survival of only 32 months was noted by 
Aisenberg et al.° in 20 patients, and a 48% overall 
survival and 18% DFS at 8 years were reported 
by Rosenberg et al.'4° in 18 patients (who also 
received hepatic irradiation). Superior results have 
been observed with either chemotherapy alone®-*8 
or combined modality treatment;5*!:14° these are 
discussed with the treatment of stage IV. 


Stages II[B-IV 


Few advances in cancer therapy have had as great 
an impact as MOPP combination chemotherapy 
has had on the prognosis of the advanced stages 
of HD. CR rates with MOPP and variants of 
MOPP have ranged between 47.5% and 80%. The 
latter result was achieved only by DeVita and co- 
workers in 198 patients with advanced HD (most 
of whom had stages IIIB and IVB).4! The CR 
rate achieved at Memorial Hospital with MOPP 
was at the lower end of those reported in the litera- 
ture. The 10-year follow-up from the National 
Cancer Institute group showed that 63.4% of the 
complete responders had remained in unmain- 
tained remission from the end of treatment with 
an overall survival of 58%.** In that update, the 
presence of “B” symptoms, nodular sclerosis, and 
pleural involvement proved to be the main factors 
indicating a poor prognosis. The lack of effective- 
ness of maintenance chemotherapy in prolonging 
remission either with MOPP or bis-chloroethylni- 
trosourea (BCNU), initially reported by DeVita 
et al.,*1 has been confirmed by the Southwest On- 
cology Group. Although Frei et al.53 observed 
initial differences favoring the use of maintenance 
chemotherapy, further follow-up showed that at 
7.2 years these differences were lost.35 

Despite the remarkable results obtained with 
the use of MOPP, it should be pointed out at least 
20% of patients with advanced disease will not 
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achieve a CR and that more than 30% of the 
complete responders would have relapsed at 10 
years. In an attempt to improve upon these results, 
a new treatment program using two different stra- 
tegies was designed. The first was to add doxorubi- 
cin (Adriamycin), bleomycin, vinblastine, and 
dacarbazine (ABVD), a drug combination poten- 
tially non-cross-resistant with MOPP.!°8 This regi- 
men—which appears to be less leukemogenic!”! 
and less toxic to gonadal function than MOPP!45— 
has been reported to be at least as effective as 
MOPP in inducing a CR (70% compared to 62%). 
Furthermore, upon primary treatment failure or 
relapse, crossover to the other regimen resulted 
in CR for two of five patients with ABVD and 
one of five with MOPP. The second was the use 
of adjunctive low-dose radiotherapy (2000 rads) 
to areas initially involved with bulky nodal disease 
greater than 5 cm, which would be likely sites 
of relapse after chemotherapy alone, as originally 
proposed by the Yale group.®° 

Between 1975 and 1978, a total of 118 patients 
with advanced HD were entered into the MOPP- 
ABDV-radiotherapy program at Memorial 
Hospital.!® Sixty-seven were previously untreated; 
they had stage IIB, IIIA “unfavorable” (age 
greater than 35 years or mixed cellularity histol- 
ogy), IIIB, or IV HD. Patients were randomized 
to receive either levamisole 150 mg p.o. daily on 
days 1-6 and 15-20, or no treatment in the inter- 
vening periods between their bimonthly mainte- 
nance chemotherapy in months 10-24. 

Among 57 evaluable previously untreated pa- 
tients, 50 (88%) achieved a CR, 7 (12%) a PR, 
and no patient failed to respond. Among the 18 
heavily pretreated patients, 9 (50%) achieved a 
CR, 4 (22%) a PR, and 5 (28%) failed to respond 
to treatment. The estimated relapse rate among 
previously untreated patients achieving a CR was 
16% at 36 months from the date of remission. 
No differences in DFS or overall survival have 
been observed up to the present time between pa- 
tients randomized to receive levamisole or no im- 
munotherapy. 

There have been two cases of acute leukemia, 
possibly secondary to treatment: one was in a pa- 
tient who had relapsed after extensive abdominal 
and pelvic irradiation prior to initiation of MOPP- 
ABDYV; the other was preceded by sideroblastic 
anemia in a previously untreated patient. Six pa- 
tients had pulmonary complications, possibly re- 
lated to bleomycin toxicity. None of the pulmo- 
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nary complications was fatal. One patient 
developed cardiomyopathy and heart failure, most 
likely related to the administration of doxorubicin. 
There were 35 deaths: 31 patients died of HD. 
Two died of second malignancies—one of acute 
leukemia and the other of carcinoma of the lung. 
One of the few patients who had a splenectomy 
as part of a staging laparotomy died of pneumococ- 
cal meningitis. Another died of well-documented 
graft-versus-host disease. 

The 16% relapse rate among CR patients at 


B. Koziner 


36 months compares very favorably with the 32%- 
65% relapse rates reported for MOPP alone.‘ 
Low-dose irradiation combined with chemother- 
apy seemed to be effective in achieving local disease 
control, since only one relapse occurred in an irra- 
diated area among the previously untreated pa- 
tients. A similar success in local control was re- 
ported by the Yale group,®° who observed relapses 
in only 3 of 10 areas treated with low-dose irradia- 
tion (1500-2500 rads) in addition to a five-drug 
combination which added vinblastine to the drugs 


TABLE 1-4 Salvage Combination Chemotherapy Regimens 


Response Rate (%) 
Dosage Schedule oo 
Regimen Drug (mg/m?) Route (days) Complete Partial Investigators 
MOPP Nitrogen 
_ (28-day cycle) Mustard 6 iv. 1,8 59 — Fisher et al.54 
Vincristine 14 iv. 1,8 
Procarbazine 100 p.o. 1-14 
Prednisone 40 p.o. 1-14 
ABVD Doxorubicin 25 iv. 1,15 60 — Bonnadona et al.1? 
(28-day cycle) Bleomycin 10 iv. 1,15 
Vinblastine 6 iv. 1,15 
DTIC 375 iv. 1,15 
ABDV Doxorubicin 25 iv. 1,15 4 57 Case et al.124 
(28-day cycle) Bleomycin 2 (total) S.C. 4-12, 18-26 Straus et al.166 
DTIC 250 iv. 1,15 
Vinblastine 6 iv. 1,15 
SCAB Streptozotocin 500 iv. 1-5 35 24 Levi et al.1° 
(42-day cycle) CCNU 100 p.o. 1 
Doxorubicin 45 iv. 1 
Bleomycin 15 im. 1,8 
B-CAVE Bleomycin 5 iV. 1,28,35 50 27 Porzig et al.15+ 
(42-day cycle) CCNU 100 p.o. 1 
Doxorubicin 60 iv. 1 
Vinblastine 5 iv. 1 
B-DOPA Bleomycin 4 iv. 2,5 60 20 Lokish et al.1 
(28-day cycle) DTIC 150 iv. 1-5 
Vincristine 1.5 iv. 1,5 
Prednisone 40 p.o. 1-6 
Doxorubicin 60 iv. 1 
BVDS Bleomycin 5 iv. 1,15 30 20 Vinciguerra,!74 
(28-day cycle) Vinblastine 6 iv. ,15 
Doxorubicin 30 iv. 
Streptozotocin 1,500 iv. 1,15 
CVB CCNU 100 p.o. 1 26 59 Goldman and 
(42-day cycle) Vinblastine 6 iv. 1,8 Dawson?® 
Bleomycin 15 im. 1,8 
CAD CCNU 100 p.o. 1 13 33 Straus et al.16 
(28-day cycle) Melphalon 6 p.o. i4 
Vindesine 3 iv. 1,8 


CCNU (omustine). 


Chlorethylcyclohexyl nitrosourea: DTIC bric (dacarbazine Dimethyltriazeno-imidazole carboxamide) 
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used in MOPP. They reported an 84% CR rate 
for 124 patients, with a 12% relapse rate at a 
median follow-up time of 5 years. Two patients 
developed acute leukemia. 

The Milan group has conducted a randomized 
trial of MOPP alternating with ABDV versus 
MOPP alone, with no adjuvant radiation therapy, 
for patients with stage IV HD.“ Their results 
at 5 years showed a 71% CR rate with a 37% 
DFS for MOPP alone, compared to a 92% CR 
rate with a 70% DFS for MOPP-ABDV. More- 
over, the 5-year survival difference was significant 
(84% versus 54%), favoring MOPP-ABVD over 
MOPP alone. Although three patients in the 
MOPP arm developed acute leukemia, this compli- 
cation was not observed in the MOPP-ABVD 
group. 

Another innovation in the design of combina- 
tion chemotherapy-radiotherapy regimens was in- 
troduced by Hoppe et al.?” The Stanford investiga- 
tors compared two different combination 
chemotherapy regimens—MOPP versus procarba- 
zine, melphalan (Alkeran), and _ vinblastine 
(PAV)—alternated with total lymphoid radiother- 
apy for 25 patients with stages IIB, IIIB, and ITIB;. 
Total lymphoid irradiation was either sandwiched 
in a split-course fashion between the six cycles 
of chemotherapy or alternated between every two 
cycles of chemotherapy upon division of the total 
field in three regions (“ping-pong” technique). The 
latter design resulted in better hematologic toler- 
ance. The CR rate was 88% (22 of 25), and 20 
patients remained free of disease at a median of 
28 months. 

The efficacy of salvage chemotherapy for those 
patients with advanced HD relapsing after MOPP 
chemotherapy is dependent on several prognostic 
factors: One factor is the period of time between 
the initial response to MOPP and relapse. As re- 
ported by Fisher et al.,54 MOPP reinduced a CR 
in a considerable proportion of patients (14 of 15) 
that relapsed more than 1 year after the initial 
remission. The likelihood of a second CR is mini- 
mal if the disease-free interval is less than 1 year, 
or if continuous evidence of disease activity is doc- 
umented. The same observation applies to other 
salvage regimens. Another factor is whether the 
relapse is nodal or extranodal. Salvage chemother- 
apy is undoubtedly less effective when the recur- 
rence takes place in major extranodal sites (such 
as bone marrow, liver, or bone) rather than being 
confined to lymph nodes.!** The third factor is 
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whether patients are treated in their first relapse 
or after multiple relapses. 

The efficacy of ABVD as salvage chemotherapy 
has varied from 4% to 62%.12:24 Moreover, several 
other salvage regimens have been tried with varia- 
ble results, in all likelihood depending on the 
abovementioned prognostic factors. B-DOPA,!% 
SCAB,?° BVDS,??2 B-CA VE, 3! and CVB® repre- 
sent alternative regimens to be considered in re- 
lapsing patients, as shown in Table 1-4. Vindesine 
has shown activity in relapsed HD patients who 
received prior vincristine and vinblastine.157 Chlo- 
roethylcyclohexyl nitrosourea (CCNU), melpha- 
lan, and vindesine (CAD) was also active among 
prior MOPP or MOPP-ABVD treated relapsed 
HD patients.‘ Although a variety of new anti- 
cancer agents have been tried in relapsed HD cases 
(methyl GAG (Methyl-Glyoxal Bis-Guanylhydra- 
zone),!74 gallium nitrate, interferon), they have 
failed to provide consistent and prolonged re- 
sponses. Occasionally, the use of bleomycin given 
intravenously in constant infusion and high dose 
(20 units/m?) for 5—7 days has resulted in dramatic 
although short-lived responses. Adequate pulmo- 
nary function should be documented prior to bleo- 
mycin therapy. 


Current Treatment Trials at Memorial Sloan- 
Kettering Cancer Center 


Although a longer follow-up time will be required 
to determine the impact of combined modality 
therapy for stages I, II, and IIIA on overall sur- 
vival, gonadal function, and development of sec- 
ond malignancies, the combined use of MOPP che- 
motherapy and IF radiotherapy appears to be a 
superior regimen that might eventually result in 
a survival gain. It also avoids the necessity of surgi- 
cal staging.°° Future trials to determine the opti- 
mal management of patients with the localized 
stages of HD should compare the effectiveness as 
well as the toxicity of alternative regimens to 
MOPP as adjunct chemotherapy. Our current 
therapeutic protocol for stages IA, ITA, and IIIA 
consists of a randomized comparison of thiotepa, 
vinblastine and bleomycin, (TVB) with MOPP; 
both are given for four cycles with radiotherapy 
to segmental ports (3500 rads to mantle or inverted 
Y for stages IA and IIA, and 2000 rads to both 
ports for stage IIIA) “sandwiched” in between 
the second and third chemotherapy cycles (Table 
1-5). A second randomization tests the efficacy 


TABLE 1-5 Regimens for Randomized Compari- 
son of Adjuvant Chemotherapy (MOPP versus 
TVB) Plus Segmental Radiotherapy 


Regimen I: MOPP (2 monthly cycles) 
Nitrogen mustard 6 mg/m? i.v. days 1,8 


Vincristine 1.4 mg/m? i.v. days 1,8 
(maximum 2 mg) 

Procarbazine 100 mg/m? p.o. days 1-14 

Prednisone 40 mg/m? p.o. days 1-14 


(only in first cycle) 
Regimen II: TVB (2 monthly cycles) 


Thiotepa 35 mg/m? i.v. days 1,14 

Vinblastine 6 mg/m? i.v. days 1,14 
(maximum 10 mg) 

Bleomycin 2 mg s.c. days 4-12, 18-26 


Radiotherapy (“sandwiched” between chemother- 
apy cycles 2 and 3) 
Segmental ports to involved areas: 
Mantle 
Para-aortic nodes and spleen 
Iliac nodes 
Dose: 
3500 rads in 344 weeks in stages I-II 
2000 rads in stage III 


of hormonal manipulation (androgens for male 
and contraceptives for female patients) for the pre- 
vention of gonadal disturbances due to this com- 
bined modality of therapy. 

Based on the marked improvement in CR rate 
and DFS observed with the use of MOPP-ABVD 
plus radiotherapy in our prior trial+** and the en- 
couraging effectiveness of CAD as salvage che- 
motherapy,'52 a randomized trial of MOPP- 
ABVD versus MOPP-ABV-CAD was begun in 
1979 to include previously untreated patients with 
stages IIB, IIIB, IVA, and IVB HD (Figure 1- 
8). Adjunctive radiotherapy is part of both arms 
of the randomization. The dose is 2000 rads deliv- 
ered to involved regions in 244 weeks. In the new 
regimen, MOPP-ABV-CAD plus radiotherapy, 
the dacarbazine was dropped from ABVD to re- 
duce nausea and vomiting, and CAD is alternated 
with MOPP and ABV as a third non-cross-resis- 
tant combination in an attempt to improve our 
results with MOPP-ABVD. Nine alternating cy- 
cles of MOPP-ABVD or MOPP-ABV-CAD are 
administered with radiotherapy given between cy- 
cles 6 and 7. Thus far, remission rates with 
MOPP-ABV-—CAD plus radiotherapy are at least 
as high as those with MOPP-ABVD plus radio- 
therapy, and patient acceptance has been greatly 
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improved with the reduction in nausea and vomit- 
ing. 


Complications Related to Therapy 


The progressive improvement in the management 
of HD has unfortunately also caused long-term 
side effects, the most serious of which is the devel- 
opment of secondary neoplasia. Several mecha- 
nisms have been suggested to explain the high inci- 
dence of secondary malignancy in HD. It has been 
proposed that the hematologic neoplasias that oc- 
cur after therapy for HD represent malignant pro- 
gression of the original primary disease. It has 
also been suggested that the leukemia represents 
the underlying neoplasm and that HD results from 
a persistent atypical immunologic reaction on the 
part of the patient.7° According to the Stanford 
group’s experience, the cumulative risk for the de- 
velopment of secondary acute leukemia following 
combined modality therapy for HD was in excess 
of 5%. Moreover, for the same patient population 
they also reported that the actuarial risk of devel- 
oping secondary non-Hodgkin’s lymphoma at 10 
years was 10%-15%.8®° However, despite these 
previous estimates, at 6 years median follow-up, 
only 1 of the 121 stage I-II patients treated with 
combined modality has developed acute 
leukemia.7® 

At Memorial Hospital a multidisciplinary 
methodology was appied to study six patients with 
acute leukemia following treatment for HD.® All 
six patients developed acute monocytic leukemia 
according to cytochemical criteria; morphologi- 
cally, three cases were undifferentiated monoblas- 
tic leukemia, and three cases were partially differ- 
entiated monocytic leukemia. In three of the six 
patients, cell suspensions from peripheral blood 
and/or bone marrow predominantly bore surface 
receptors for the Fc fragment of IgG and/or C3 
fraction of complement and exhibited variable de- 
grees of phagocytosis with later incubation. Two 
patients lacked any recognizable membrane mark- 
ers or phagocytic activity. Terminal transferase 
enzymatic activity was not elevated. Soft agar bone 
marrow culture studies revealed no growth or a 
characteristic leukemic cluster pattern. Chromo- 
some analysis in one of the two patients studied 
revealed hypodiploidy and structural arrangement. 

Rosner and Grunwald reviewed the available 
literature up to 1974 on the development of leuke- 
mia in patients with HD.1*! It was noted that 11 
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FiGurE 1-8 Description of MOPP-ABV-—CAD versus MOPP-ABVD plus segmental 
radiotherapy protocol for advanced stages of HD. 


cases of HD terminated in acute lymphoblastic 
leukemia, 12 in chronic myelogenous leukemia, 
37 in chronic lymphocytic leukemia, and 82 in 
acute myelogenous leukemia. Further characteri- 
zation of the 82 cases of acute myelogenous leuke- 
mia revealed 19 cases of acute myeloblastic leuke- 
mia, 11 cases of monoblastic or monocytic 
leukemia, 14 cases of myelomonocytic leukemia, 
26 cases of partially differentiated or mature mye- 
loid cell leukemia, 4 cases of erythroleukemia, and 
8 unclassified cases. 

In the retrospective analysis by Coleman et al., 
among 680 patients with HD studied, 6 patients 
developed leukemia while they were in clinical 
remission.*? Three additional patients who had ac- 
tive HD also developed leukemia. Secondary neo- 
plasia was not observed in 320 patients treated 
with radiotherapy alone. In our series, 4 patients 
had been treated with radiotherapy plus chemo- 
therapy; 2 had received chemotherapy alone.® De- 
spite the institution of appropriate chemotherapy, 
all of our 6 patients who developed leukemia died, 
and the median survival was only 3 months. We 
and others have observed that the incidence of 
acute monocytic leukemia is higher in patients re- 
ceiving chemotherapy as salvage treatment upon 


relapse from primary irradiation, than in patients 
whose initial therapy is combined chemotherapy 
and radiotherapy.73" 

Immunosuppressed and immunodeficient pa- 
tients are known to have a higher incidence of 
malignancies. As previously discussed, cell-me- 
diated immunity is depressed in many patients 
with HD, and this abnormality is accentuated by 
ionizing radiation and chemotherapy. Radiation 
to the mediastinum can depress the proportion 
of thymus-dependent (T) lymphocytes, which in 
turn leads to defective cell-mediated immunity.1% 
Four of our six patients received radiation below 
and above the diaphragm, including the area of 
the mediastinum. Among the chemotherapy 
agents used in HD, the alkylating agents (nitrogen 
mustard, cyclophosphamide) and procarbazine ap- 
pear to be the most carcinogenic.?? It is postulated 
that mutations occurring in the cell due to the 
action of alkylating agents and/or radiotherapy 
lead to the production of an additional malignant 
clone, enhancement of mutagenesis by an onco- 
genic virus, or suppression of the body’s mecha- 
nism of immune vigilance. 

Chromosomal analysis of 10 patients with acute 
nonlymphoblastic leukemia following treatment 
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for HD or non-Hodgin’s lymphoma revealed that 
all 10 had abnormal karyotypes in the bone mar- 
row cells, often in a hypodiploid state with 42- 
45 chromosomes.'4? Of the 10 patients, 9 lacked 
a group B chromosome, which could be identified 
as chromosome 5 in 8 cases; 5 of 10 lacked chromo- 
some 7. Two patients in our series had cytogenetic 
studies.®* In one, 9 of 11 cells examined were ab- 
normal; hypodiploid cells with many structural 
rearrangements of the chromosomes were noted. 
The second patient revealed only normal meta- 
phases. Although chemotherapy and radiotherapy 
might be expected to contribute to the develop- 
ment of chromosomal aberrations, the early find- 
ing of chromosomal abnormalities could be an in- 
dication of the eventual development of leukemia. 

Intermediate-dose radiotherapy (3500-4500 
rads) to cervical ports in HD patients has been 
associated with a high incidence of hypothyroid- 
ism (20%)*4 and thyroid dysfunction, manifested 
as elevated thyroid-stimulating hormone levels 
(44%-64%), with or without subnormal thyroid 
levels.163-164 The experimental evidence of an asso- 
ciation between elevated thyroid-stimulating hor- 
mone level and neoplasia raises concern about the 
possible development of thyroid carcinoma in pa- 
tients treated with cervical radiotherapy for HD 
after prolonged follow-up (20-30 years). The com- 
bination of radiotherapy and lymphangiogram for 
initial staging has been blamed for the biochemical 
and, less frequently, clinical evidence of hypothy- 
roidism, although recent evidence tends to bring 
this synergism into question. 120158 

Also of concern is the late development of car- 
diovascular disease after mediastinal irradiation 
alone or in combination with anthracycline 
chemotherapy.!* The incidence of radiation-in- 
duced chronic pericardial disease has been re- 
ported to range between 6% and 30%.%143.163 
Furthermore, the increased recognition of radia- 
tion-related myocardial fibrosis and early coronary 
disease will require close monitoring of these pa- 
tients to detect minimal functional defects. 

Amenorrhea and azoospermia represent major 
complications of cytotoxic chemotherapy. Ovarian 
biopsies in patients who have received such ther- 
apy have shown widespread ovarian damage: 
thickening of the albuginea, perioophoritis, stro- 
mal fibrohyalinization, necrotic vasculitis, hemor- 
rhage, and general disintegration of the follicular 
apparatus.1!6 Testicular biopsies in patients receiv- 
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ing chemotherapy have shown peritubular fibrosis, 
germinal aplasia, and normal Leydig cells.4° Hor- 
monal measurements in patients developing amen- 
orrhea and azoospermia on therapy have con- 
firmed end-organ failure with associated elevations 
of follicle-stimulating hormone and luteinizing 
hormone levels. Although a decrease in estrogen 
levels in women has been noted, Leydig cell func- 
tion in males has been found to be normal or de- 
pressed. 

Recent reports have concurred that the che- 
motherapy-induced ovarian failure is age related. 
The National Cancer Institute group reported that 
although 46% of 24 MOPP-treated patients (me- 
dian age 30 years) developed persistent amenor- 
rhea, 80% of the patients younger than 25 years 
of age at the time of MOPP therapy continued 
to menstruate.!48 Horning et al., from Stanford, 
released a comprehensive study of menstrual status 
and pregnancy in 103 women with HD treated 
with total lymphoid irradiation, multidrug che- 
motherapy, or a combination of both modalities.*° 
The median age of the total group was 23 years, 
distributed evenly among the three treatment 
groups. The incidences of persistent amenorrhea 
for the total lymphoid irradiation, chemotherapy, 
and combined treatment groups were 6%, 15%, 
and 52%, respectively. In a multivariate analysis, 
only age at treatment was a significantly consistent 
predictor of regular menses. Pregnancies occurred 
in 7 of the patients treated with MOPP at the 
National Cancer Institute!48 and in 20 of the pa- 
tients treated with irradiation, chemotherapy, or 
both at Stanford.®° Up to the time of both reports, 
the children born to these women were phenotypi- 
cally normal. 

Chapman et al., in evaluating 74 males with 
HD receiving a multidrug regimen of nitrogen 
mustard, vinblastine, procarbazine, and predni- 
sone (MVPP), noted a strikingly high incidence 
of persistent germ cell dysfunction.2® Only 4 of 
74 males showed evidence of spermatogenesis. 
However, the median follow-up was 27 months 
with a range of 1-62 months. Sexual dysfunction 
was also noted in patients of both sexes.”*:?9 De- 
creased libido was reported by 74% of the males 
in therapy and 16% after therapy. The same group 
carried out a prospective study in untreated pa- 
tients with HD, and found that 33% of the patients 
investigated had “inadequate” sperm counts with 
regard to number and/or motility. Moreover, testi- 
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cular biopsies in 8 of 9 patients showed histologic 
abnormalities (mostly tubular hyalinization and 
thickening of the basement membrane).*° 

Due to the universal azoospermia that occurs 
promptly after administration of chemotherapy, 
storage of sperm prior to any therapeutic interven- 
tion should be routinely proposed to those patients 
wishing to have children. Whitehead et al. pro- 
posed that contraception is unnecessary from the 
second cycle of combination chemotherapy 
(MVPP) until the end of the first year after comple- 
tion of chemotherapy.!79 This should be followed 
by an analysis of sperm counts every 6-12 months 
to determine further conduct. In available studies, 
the actual degree of reversibility of gonadal dam- 
age and time to such gonadal recovery is not well 
established. After the administration of cyclophos- 
phamide, Buchanan et al. found a 50% recovery 
of spermatogenesis within 15-49 months (mean 
31 months).!9 In lymhoma patients evaluated ret- 
rospectively after therapy, Sherins and DeVita 
noted that 4 of 12 patients in remission at 2, 314, 
4, and 7 years had spermatogenesis.'*+ 

Recently, the use of hormonal manipulation has 
been proposed to prevent gonodal damage. En- 
couraging evidence has been reported about the 
protective effect oral contraceptives have on ova- 
rian function in chemotherapy-treated HD 
patients.2”? Furthermore, the reversible inhibition 
of testicular steroidogenesis and spermatogenesis 
caused by a gonadotropin-releasing hormone 
agonist (LRHR) might have clinical application 
in HD patients.1% 


Concluding Remarks 


It could be envisioned that during the coming years 
an outburst of new information will become availa- 
ble about the biology of HD based on the applica- 
tion of hybridoma technology. Specific monoclonal 
antibodies to the different mononuclear and mullti- 
nucleate cellular components of HD will probably 
become available. These reagents will not only be 
useful in dissecting the cellular interactions in- 
volved in neoplastic development, but also as diag- 
nostic and eventually therapeutic modalities. 
Based on the information to be obtained from 
ongoing clinical trials, it is expected that the con- 
troversy in regard to the optimal therapy for the 
early stages of HD will be resolved. It is our belief 
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that ultimately, surgical staging and extensive ra- 
diotherapy will be superceded by less toxic com- 
bined modalities of chemotherapy and radiother- 
apy. Furthermore, the treatment of the late stages 
of HD will most likely be based on the use of 
alternating, non-cross-resistant chemotherapy reg- 
imens. 

The advances in the management and therapy 
of HD will guide the approach to other neoplastic 
conditions. It is hoped that this progress will be 
based on a rational understanding of the biology 
of HD—a goal that thus far has been elusive to 
the students of this most challenging process. 
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CHAPTER 2 


Non-Hodgkin’s Lymphoma 


David J. Wolf 


Of the approximately 30,000 new patients diag- 
nosed to have lymphoma in the United States dur- 
ing 1980, approximately one-fourth had Hodgkin’s 
disease. The remaining three-fourths were diag- 
nosed to have a variety of different types of lym- 
phoma, collectively categorized as non-Hodgkin’s 
lymphoma. The average age of these 22,500 people 
was 42 years. The incidence of non-Hodgkin’s lym- 
phoma in the United States is increasing annually. 
The age distribution shows a steady rise from ado- 
lescence through the ninth decade of life. Males 
are affected approximately 1.5 times more often 
than females. 

The non-Hodgkin’s lymphoma affecting adults 
in the United States is considered here, with the 
exclusion of American Burkitt’s lymphoma and 
cutaneous T cell lymphoma, which are considered 
elsewhere. Basic concepts regarding the etiology, 
histopathologic classification, and treatment are 
currently active areas of both biologic and clinical 
research. New varieties of lymphoma are con- 
stantly being recognized, such as a T cell lym- 
phoma involving the skin and viscera described 
in Japan, and a very aggressive lymphoma having 
a predilection for the central nervous system seen 
among the immunodeficient homosexual male 
population in the United States.52 Nevertheless, 
therapeutic strides have been made over the past 
decade, particularly in the management of ad- 
vanced, diffuse large cell lymphoma in adults, for 
which potential cures are now being achieved. 


Etiology and Pathogenesis 


Viruses cause lymphomas in animals. A type C 
retrovirus can transmit bovine lymphocytic lym- 
phoma in a highly infectious manner.54 A lym- 


phoma of chickens, called a Marek’s disease, is 
caused by a herpes virus and can be prevented 
by vaccination.”4 A viral causation for human lym- 
phomas, however, remains to be established. Al- 
though Epstein-Barr virus B DNA has been shown 
to be incorporated into the DNA of Burkitt’s lym- 
phoma cells derived from African patients, this 
is not necessarily true in the American form of 
Burkitt’s lymphoma.*! Gallo et al. recently demon- 
strated a type C retrovirus as a possible cause for 
T cell human lymphoma.'* Direct transmission 
of lymphoma in humans by a viral particle has 
never been demonstrated and probably never will, 
owing to ethical considerations. 

The currently identified predisposing factors to 
developing lymphoma in humans are listed in Ta- 
ble 2-1. Exposure to ionizing radiation can cause 
lymphoma in humans. Survivors of the atomic 
bomb in Hiroshima, exposed to 100 rads or more, 
have demonstrated an increased incidence of 
lymphoma.*4 This has also occurred in patients 
who have been irradiated for ankylosing spondyli- 
tis. 

Derangements of normal immunologic mecha- 
nisms also predispose to lymphoma. Patients who 
have either underlying immunodeficiency states or 
hyperimmune states treated with immunosuppres- 
sant programs are at particular risk to develop 
malignant lymphoma. Congenital immunodefici- 
ency diseases, such as acquired hypogammaglobu- 
linemia, common variable immunodeficiency dis- 
ease, and the Wiskott-Aldrich syndrome, confer 
an increased risk of malignant lymphoma.*? Renal 
allograft recipients are at a 35 times greater than 
normal risk of developing malignant lymphoma.®® 
Approximately 40% of such lymphomas compli- 
cating renal allograft and immunosuppressive 
therapy occur in the central nervous system and 
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TABLE 2-1 Predisposing Factors to Develop Ma- 
lignant Lymphoma 


Congenital Immunodeficiency Syndromes 
With or Without Chromosomal Abnormalities 


Ataxia telangiectasia syndrome 
Chediak-Higashi syndrome 

Common variable immumodeficiency disease 
Klinefelter’s syndrome 

Swiss-type agammaglobulinemia 
Wiskott-Aldrich syndrome 


Acquired Immunoregulatory Disorders 
Acquired hypogammaglobulinemia 
Angioimmunoblastic lymphadenopathy 
Celiac disease 
Chronic lymphocytic leukemia or Waldenstrém’s 

macroglobulinemia (Richter’s syndrome) 
Cytoxic chemotherapeutic agents 
Tonizing radiation 
Male homosexuality 
Phenytoin administration 
Renal allograft transplantation 
Sjogren’s syndrome 


are most often immunoblastic B cell lymphomas.®° 

Phenytoin perturbs immunoregulatory mecha- 
nisms, and lymphomalike syndromes with general- 
ized lymphadenopathy may occur. Although most 
often the lymphadenopathy regresses following 
phenytoin discontinuation, the emergence of both 
non-Hodgkin’s and Hodgkin’s lymphomas has 
been described.18 Cytotoxic and immunosuppres- 
sive chemotherapeutic agents may cause chromo- 
somal abnormalities and confer an increased risk 
of developing lymphoma. Non-Hodgkin’s lym- 
phoma has been reported to complicate combined 
modality therapy, consisting of combination che- 
motherapy and radiotherapy for the treatment of 
Hodgkin’s disease and other malignancies.*° An- 
gioimmunoblastic lymphadenopathy is a disease 
characterized by overactivity of the B cell arm 
of the immune system. Immunoblastic lymphoma 
composed of B cells may develop in patients suffer- 
ing from angioblastic lymphadenopathy.5* Sjo- 
gren’s syndrome of longstanding duration confers 
up to a 10% chance of developing malignant lym- 
phoma, usually nodal and composed of malignant 
B lymphocytes.%* The reason only particular pa- 
tients with such underlying predispositions de- 
velop lymphoma is unclear. Perhaps it is related 
to some inherited genetic susceptibility. An associ- 
ation between nodular lymphoma and HLA-B12 
antigen has been reported.*! For animal lympho- 
mas, inbreeding and viruses play a synergistic role. 
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The development of the technique of chromo- 
some banding with quinacrine and Giemsa stain- 
ing in the early 1970s has revolutionized the study 
of human cytogenetics. The most frequently seen 
chromosomal abnormality in lymphomas is the 
14q+ chromosome. This occurs in virtually every 
Burkitt’s lymphoma and some non-Hodgkin’s 
lymphomas.** It appears to occur more often in 
association with poorly differentiated lymphocytic 
lymphoma than in diffuse large cell lymphoma. 
It also occurs in approximately one-half of T cell 
malignant lymphomas. It remains unclear whether 
the particular donor chromosome has any biologic 
importance. With the exception of the 14q+ chro- 
mosome, other chromosomal abnormalities occur 
more frequently in diffuse large cell lymphoma 
than in diffuse, poorly differentiated lymphocytic 
lymphoma. The 14q+ abnormality, however, is 
not specific for lymphoma and has been reported 
to occur in patients with B cell acute lymphoblastic 
leukemia and with plasma cell myeloma.”® It is 
very rarely, however, seen in myeloid malignan- 
cies. 

For reasons that remain unclear, an epidemic 
of abnormal immunologic regulation is occurring 
among the male homosexual populations of New 
York City and San Francisco. Such immunosup- 
pressed patients are commonly found to have evi- 
dence of infection by multiple viruses, including 
the DNA viruses, Epstein-Barr virus, and cyto- 
megalovirus. A particularly aggressive form of B 
cell lymphoma with morphologic similarities to 
Burkitt’s lymphoma is emerging in this particular 
population. The lymphoma shows extremely 
short-lived remissions following treatment with in- 
tensive combination chemotherapeutic programs 
and has a particular proclivity to involve the cen- 
tral nervous system. 


Surface Markers in Non-Hodgkin’s 
Lymphoma 


Surface market studies allow the identification of 
the origin of the cell in non-Hodgkin’s 
lymphoma.?% An immunological classification af- 
fords the clinician information that may be helpful 
in determining the kind of treatment and probable 
outcome. 

B-lymphocytes are identified by surface mem- 
brane bound immunoglobulins consisting of a 
heavy chain and a light chain produced by the 
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cell. Immunofluorescence is used to identify the 
surface membrane markers. 

Leukocyte antigens (“Ia-like”) are useful to 
help identify B-cells, monocytes, macrophages, 
myeloid, and erythroid progentor cells, as well as 
“activated” T-cells. 

Additional identifying B-cell surface markers 
are receptors for (1) rosette formations with mouse 
erythrocytes, (2) Fe fragments of IgG that have 
been heat aggregated (EA), and (3) third fraction 
of complement using a rosette technique with 
erythrocytes (e) coated with IgM antibody (A) 
and complement (C) (EAC).®« 

Although most histiocytes, macrophages, and 
monocytes have Fe and complement receptors, 
their phagocytic properties (ingestion of iron-fil- 
ings, bacteria, latex-particles) help to differentiate 
them from B-lymphocytes. In addition, cytochemi- 
cal staining employing non-specific exterases help 
in differentiating the phagocytic cells from the B- 
cells. 

T-lymphocytes derived from the thymus form 
spontaneous rosettes with sheep erythrocytes; em- 
ploying serum incubation in the cold or pre-treat- 
ment of the sheep erythrocytes with 2-amine- 
thyliso-thiuronium bromide (AET) or 
neuroaminidase will enhance the rosettes.76 


Clinical Presentation and Disease 
Evolution 


Most patients with non-Hodgkin’s lymphoma 
present with asymptomatic lymph node enlarge- 
ment. Approximately 20% have symptoms related 
to their illnesses, such as fever, weight loss, or 
night sweats. In contrast to Hodgkin’s disease, 
non-Hodgkin’s lymphoma is rarely localized to 
one lymph node group or to contiguous lymph 
node groups. Although non-Hodgkin’s lymphoma 
is presumably unifocal in origin, the disease re- 
mains localized so transiently that generalized dis- 
ease is present at the time of diagnosis in approxi- 
mately 90% of patients. Lymph nodes in the 
epitrochlear area, Waldeyer’s ring, and the mesen- 
tery are involved much more often than in Hodg- 
kin’s disease. Extranodal involvement is also more 
common than in Hodgkin’s disease, with the gas- 
trointestinal tract, testes, bone marrow, and liver 
frequently involved. Although mediastinal lymph 
node enlargement occurs much more frequently 
in Hodgkin’s disease, T cell lymphoblastic lym- 
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phoma characteristically presents with mediastinal 
enlargement during the second or third decade 
of life. Although patients with nodular lymphoma 
may apparently have localized adenopathy, gener- 
alized adenopathy is usually demonstrable by stud- 
ies which may reveal hilar, retroperitoneal, or mes- 
enteric lymph node enlargement. In general, 
diffuse non-Hodgkin’s lymphomas tend to be more 
localized than nodular varieties. Up to 40% of 
patients with nodular lymphomas eventually 
transform to diffuse lymphomas.” Whether this 
actual evolution occurs independently of therapy 
remains unknown. 

Particular clinical presentations are associated 
with specific varieties of non-Hodgkin’s lympho- 
mas. As mentioned above, a mediastinal mass sug- 
gests a T cell lymphoblastic lymphoma. Cranial 
nerve abnormalities or central nervous system dys- 
function in general suggests lymphomatous men- 
ingitis as most commonly occurring in diffuse large 
cell lymphomas. Bulky generalized lymphade- 
nopathy in an asymptomatic patient speaks for a 
nodular B cell lymphoma. Cutaneous nodules indi- 
cate the likelihood of a T cell lymphoma, such 
as described in Japan. This particular type of lym- 


TABLE 2-2 Staging Procedures for Hodgkin’s Disease 
and Non-Hodgkin’s Lymphoma 


Adequate Surgical Biopsy Interpreted by an Experi- 
enced Pathologist in Lymphomas. Marker Studies if 
Available. 


History (in Hodgkin’s disease) 

Note: Presence or absence of weight loss, pruritis, 
fever, sweating—that is, “B” Sx. 

Physical examination—inspection of Waldeyer’s ring. 
Note: Size, consistency of peripheral lymph nodes. 
Record size of liver and spleen. 

Hematological Profile—CBC, exact platelets 

Screening chemistries—SMA-12 

Lactic dehydrogenase 

Alkaline phosphatase 

Bone marrow—aspiration and biopsy 

Chest x-ray—PA and Lateral 

Bilateral lower limb lymphangiogram 

Intravenous pyelogram 


Procedures Employed in Special Settings 


Chest tomograms 

Cat scan of chest and abdomen with pelvis 
Ultrasonography 

Hepato-splenic scintigrams 

Gallium whole body scans 
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TABLE 2-3 B-Cell Associated Lymphoid Neoplasms 
in Adults 


Diffuse well-differentiated lymphocytic lymphoma 

Nodular and diffuse poorly differentiated lymphocytic 
lymphoma 

Nodular mixed lymphocytic lymphoma 

Nodular histiocytic lymphocytic lymphoma 

Diffuse poorly differentiated lymphocytic lymphoma 

Diffuse mixed lymphocytic-histiocytic lymphoma 

Diffuse histiocytic lymphoma 

Diffuse lymphoblastic lymphoma 

Diffuse undifferentiated lymphocytic lymphoma 

Burkitt’s lymphoma 

Richter’s syndrome 

Immunoblastic sarcoma 


TABLE 2-4 T-Cell Associated Lymphoid 
Neoplasms 


Acute lymphatic leukemias of children 
Chronic myeloid leukemia—blast phase 
Mycosis fungoids, Sezary syndrome 
Chronic lymphatic leukemia—some patients 
Diffuse “histiocytic” lymphoma—Rappaport 


TABLE 2-5 Null Cell Associated Neoplasms in 
Adults 


Acute lymphatic leukemia—children (most) 
Lymphoblastic malignant lymphoma 

Blast phase chronic myeloid leukemia 

Diffuse histiocytic lymphoma (40%)—Rappaport 


phoma is aggressive and often infiltrates viscera.5? 
Malabsorption and gastrointestinal symptoms 
characterize the so-called Mediterranean lym- 
phoma, which is a lymphoplasmacytic lymphoma 
often secreting alpha heavy chains. Immune hemo- 
lytic anemias caused by either warm- or cold-re- 
active anti—red cel] antibodies, a monoclonal serum 
immunoglobulin, bone pain, or a chylous pleural 
effusion suggest a diagnosis of lymphoma in a pa- 
tient with significant peripheral lymphadenopathy. 
(See Tables 2-2 through 2-5.) 


Pathology 


Although a complete discussion of the pathology 
of non-Hodgkin’s lymphoma is beyond the scope 
of this chapter, consideration must be given to 
the present controversies regarding pathologic 
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classification. The Rappaport classification devised 
in 1956 placed primary importance upon the pres- 
ence or absence of a follicular or nodular nodal 
architecture, and secondary importance upon the 
predominant cell type. Owing to its simplicity and 
ability to provide clinically corroborated prognos- 
tication, it has found great favor among clinicians. 
Subsequent advances in the understanding of the 
immunologic nature of malignant lymphoid cell 
populations, however, has uncovered a major flaw 
in the Rappaport scheme. The cell that Rappaport 
called the histiocyte, as the predominant cell in 
histiocytic lymphoma, has been shown to represent 
a cell of lymphoid origin, and not histiocytic ori- 
gin. Thus, if one replaces the term “large cell” 
for “histiocytic” lymphoma, the Rappaport classi- 
fication remains, for the most part, clinically useful 
and simple. Nevertheless, it does fail to segregate 
certain varieties of lymphoma. The Rappaport 
classification is shown in Table 2-6. 

Resulting from the development of new tech- 
niques in identifying populations of lymphoid cells, 
five additional, entirely different pathologic classi- 
fications have been proposed during the 1970s. 
A most popular classification in Europe has been 
the Kiel classification, proposed by Prof. Karl Len- 
nert, in which the grade of malignancy is of pri- 
mary consideration, with subcategories indicating 
the variety of immunotopography. 

In an attempt to coordinate the six proposed 
pathologic classifications for the non-Hodgkin’s 
lymphomas, the National Cancer Institute under- 
took a retrospective study of over 1000 cases of 
non-Hodgkin’s lymphoma beginning in 1976. This 
undertaking has culminated in a working formula- 
tion, shown in Table 2—6. The intent of the formu- 
lation is not to create a new classification with 
diagnostic categories, but rather to provide a uni- 
versal framework with which the contending clas- 
sifications may be coded to a uniform nomencla- 
ture. Since the Rappaport classification provides 
good clinical correlation, it will be used primarily 
throughout the remainder of this chapter, with 
reference made to the working formulation no- 
menclature. 


Nodular (Follicular) Lymphoma 


The most common form of nodular lymphoma 
is the nodular, poorly differentiated lymphocytic 
type (NPDL), also known as the follicular, small 
cleaved cell type. It usually affects adults over the 
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TABLE 2-6 National Cancer Institute Working Formulation of Non-Hodgkin’s Lymphomas with the Respective 


Rappaport Term for Each Histopathologic Type 


Working Formulation 


Rappaport Term 


Low grade 
Small cell lymphocytic (SC) 
Follicular, predominantly small cleaved cell (FSC) 
Follicular, mixed small cleaved and large cell (FM) 


Intermediate grade 
Follicular, predominantly large cell (FL) 
Diffuse, small cleaved cell (DSC) 
Diffuse, mixed small and large cell (DM) 
Diffuse, large cell (DL): 
cleaved or noncleaved cell 


High grade 
Immunoblastic (IBL) 
Lymphoblastic (LL): 
convoluted or nonconvoluted cell 
Small noncleaved cell: 
Burkitt’s or non-Burkitt’s 


Miscellaneous 
Composite 
Mycosis fungoides 
Histiocytic 
Extramedullary plasmacytoma 
Unclassifiable 


Diffuse, well-differentiated lymphocytic (DWDL) 
Nodular, poorly differentiated lymphocytic (NPDL) 
Nodular mixed (NML) 


Nodular histiocytic (NHL) 

Diffuse poorly differentiated lymphocytic (DPDL) 
Diffuse mixed (DML) 

Diffuse histiocytic (DHL) 


Diffuse histiocytic (DHL) 
Diffuse lymphoblastic (DLL) 


Diffuse undifferentiated (DUL) 


age of 40 years and presents as asymptomatic, 
painless lymph node enlargement. Focal bone mar- 
row involvement occurs in up to 85% of patients 
with NPDL and is perhaps even higher if light 
chain typing of marrow lymphocytes is performed. 
Involvement of the central nervous system, liver, 
lungs, and Waldeyer’s ring, however, is unusual 
at presentation. The initial clinical course is indo- 
lent, with clinical stability or slight progression 
over a period of 5—7 years. Following a prolonged, 
indolent course, a transformation of the illness oc- 
curs, often characterized by rapidly enlarging 
lymph nodes, nonlymphoid organ infiltration, ap- 
pearance of systemic symptoms, refractoriness to 
standard chemotherapeutic programs, and a meta- 
morphosis of lymph node pathology in which a 
diffuse architectural pattern develops, as well as 
the appearance of larger and more poorly differen- 
tiated lymphoid cells. 

Nodular lymphocytic lymphomas should gener- 
ally be conceived of as systemic malignancies. This 
is in accordance with the concept that the small 
cleaved lymphocyte hematogenously migrates in 
a generalized manner to involve lymphoid tissue, 
including bone marrow, spleen, and lymph nodes. 
Small cleaved cells should therefore be thought 


of as migratory, in contrast to large cells, which 
tend to replicate and expand focally. 


Diffuse Lymphomas 


Diffuse, well-differentiated lymphocytic lym- 
phoma (DWDL) comprises about 5% of all non- 
Hodgkin’s lymphoma. If a leukemic phase is pres- 
ent, the illness is classified as chronic lymphocytic 
leukemia; DWDL represents an indolent illness 
with a favorable prognosis. Approximately 15% 
of patients with DWDL have a monoclonal immu- 
noglobulin present in the serum, most often of 
the IgM kappa type. 

Two variants of diffuse, poorly differentiated 
lymphocytic lymphomas (DPDL) are found in 
adults. The first, also known as diffuse, small 
cleaved cell lymphocytic lymphoma, affects adults 
over 40 years of age, confers a poor prognosis, 
and is generally composed of B malignant lympho- 
cytes. The second variety, known as lymphoblastic 
lymphoma, characteristically affects young adults 
during the second and third decade of life. Lym- 
phoblastic lymphomas are usually composed of 
lymphocytes with convoluted nuclei and are of 
T cell origin. The enzyme terminal deoxynucleo- 
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tidy] transferase is universally present. Mediastinal 
lymphadenopathy is common. Following initial re- 
sponses to radiation or intense chemotherapeutic 
programs, there is a high frequency of relapse, 
particularly in the bone marrow and meninges. 

Diffuse histiocytic lymphoma (DHL), also 
called diffuse large cell lymphoma, is the most 
frequently encountered diffuse lymphoma. This 
variety of lymphoma is composed of transformed 
lymphoid cells, most commonly of the B cell type, 
but rarely showing T cell characteristics. However, 
40% of such DHL are of the null cell variety. 
DHL involves extranodal sites more frequently 
than any other type of lymphoma. Patients gener- 
ally present with rapidly enlarging but localized 
tumor masses. Only 10%, however, involve the 
bone marrow at presentation. Bone marrow in- 
volvement, when it occurs, indicates a greater like- 
lihood for central nervous system involvement. Or- 
gan infiltration and invasion characteristically 
develop as the disease evolves. 

Immunoblastic lymphoma is a newly recog- 
nized category that had been formerly included 
in the DHL category by Rappaport. Immunoblas- 
tic lymphomas may be composed of either B or 
T cells, but the B cell types generally have plasma- 
cytoid morphology. Immunoblastic lymphomas 
are those most often to develop in a setting of 
abnormal immunoregulatory environment, e.g., as 
occurs following renal allograft transplantation or 
autoimmune disease. Immunoblastic lymphomas 
may also develop in patients with previously diag- 
nosed chronic lymphocytic leukemia, Walden- 
strom’s macroglobulinemia, or plasma cell my- 
eloma. Such a transformation of a_ well- 
differentiated lymphoplasmactoid neoplasm to a 
more poorly differentiated aggressive lymphoma, 
usually of the B cell variety, is known as a Richter’s 
transformation. 

A particularly unusual form of immunoblastic 
lymphoma occurs in people from the Mediterra- 
nean region, particularly Sephardic Jews in Israel 
and North Africans. Extensive submucosal gas- 
trointestinal infiltration occurs, resulting in a clini- 
cal malabsorption syndrome. Such immunoblastic 
lymphomas almost always secrete alpha heavy 
chains into the serum. Immunoblastic lymphoma 
has also been reported to develop in patients who 
have had a well-established diagnosis of angioim- 
munobiastic lymphadenopathy. 

Refinements in the immunologic characteriza- 
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tion of non-Hodgkin’s lymphoma are currently in 
progress. For instance, monoclonal antibodies 
demonstrate a considerable heterogenity among 
the T cell lymphoblastic lymphomas. Most show 
phenotypes of stage II or stage III thymocytes. 
In contrast, cells from patients with T cell acute 
lymphoblastic leukemia generally have the stage 
I thymocyte phenotype. Furthermore, T cells de- 
rived from lymphoblastic lymphoma tend to show 
the common acute lymphoblastic leukemia antigen 
four times more frequently as the cells from T 
cell acute lymphoblastic leukemia.*? 

Nodular lymphomas generally represent noe- 
plastic proliferations of lymph node follicular cen- 
ter B lymphocytes. Such cells tend to be migratory 
and present in a leukemic phase or in the bone 
marrow when light chain typing is performed. Un- 
like chronic lymphocytic leukemia cells, they gen- 
erally have a low percentage of mouse rosette for- 
mation. 

The new variety of T cell lymphoma recently 
described in Japan has been mentioned above. Par- 
adoxically, the cells express the helper-associated 
antigen OK-T4 but appear to suppress B cell im- 
munoglobulin secretion.53 


Staging 


Owing to the variable patterns of disease progres- 
sion among the different histopathologic types of 
non-Hodgkin’s lymphoma, a rigid, routine staging 
plan cannot be recommended for all patients. Al- 
though the Ann Arbor staging classification origi- 
nally devised for Hodgkin’s disease (see Chapter 
1, Table 1-1) has been generally applied to the 
non-Hodgkin’s lymphomas, it remains unclear 
whether the various stages confer prognostic sig- 
nificance for all pathologic varieties. The distinc- 
tion between stage III and stage IV disease is rela- 
tively unimportant for practical purposes, since 
total nodal irradiation with curative intent cannot 
be applied to stage III patients, in contrast to 
Hodgkin’s disease. This derives from the high like- 
lihood of either hepatic and/or mesenteric nodal 
involvement in those patients with retroperitoneal 
lymph node involvement.*® For the DHL, factors 
such as the degree of tumor bulk and particular 
organ involvement, such as the central nervous 
system or bone marrow, may be of more prognostic 
importance than the distinction between stage II 
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or IV disease. Nevertheless, staging is important, 
particularly if the therapeutic strategy is to deliver 
radiotherapy alone to stage I patients. 

Non-Hodgkin’s lymphomas are usually gener- 
alized in distribution. Of 170 patients at the Na- 
tional Cancer Institute who underwent thorough 
surgical staging, including exploratory laparot- 
omy, only 6% with nodular lymphomas, and 30% 
with DHL were pathologically in the stages I and 
II.” 

' The peripheral blood should be examined care- 
fully for lymphocytes with cleft nuclei, particularly 
in patients with poorly differentiated lymphocytic 
lymphomas. A chest x-ray should be obtained to 
evaluate the hilar and mediastinal areas. Bone 
scans are more sensitive in detecting bone involve- 
ment than routine skeletal x-rays. Either a lym- 
phangiogram or a computerized axial tomographic 
scan of the abdomen and pelvis should be obtained. 
The lymphangiogram has the advantage of detect- 
ing retroperitoneal lymph nodes which are re- 
placed but not enlarged. In contrast, the computer- 
ized axial tomographic scan holds the relative 
advantage of being able to detect splenic hilar, 
porta hepatic, and mesenteric lymph node enlarge- 
ment, in addition to visualizing the retroperitoneal, 
para-aortic, and iliac nodes. A positive lymphangi- 
ogram confers an 80% likelihood of having either 
hepatic and/or mesenteric nodal involvement pres- 
ent outside the confines of the standard inverted 
Y irradiation portal. Gallium scans are more sen- 
sitive in detecting lymph nodes involved by large 
cell lymphomas than well- or poorly differentiated 
lymphocytic lymphomas.*! Bone marrow involve- 
ment varies according to the histopathologic type 
of lymphoma. Whereas 85% of patients with 
NPDL have bone marrow involvement, only 10% 
of DHL involve the bone marrow. A bilateral pos- 
terior iliac crest bone marrow biopsy provides the 
best yield in detecting bone marrow involvement. 
Laparoscopically directed liver biopsies confer an 
approximately 30% greater yield of detecting liver 
involvement than percutaneous liver biopsy.’ 

Staging laparotomy has limited usefulness in 
non-Hodgkin’s lymphoma. Most often, the gener- 
alized spread can be detected by less invasive pro- 
cedures. Furthermore, distinguishing between 
stage III or IV disease does not usually alter the 
therapeutic strategy. Staging laparotomy may have 
a role in the management of those patients with 
clinical stage I DHL, if one is prepared to treat 
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pathologic stage I patients with radiotherapy 
alone. 


Therapeutic Agents 


Therapeutic options include chemotherapy, ra- 
diotherapy, combined modality therapy, or no spe- 
cific treatment. Although combined modality ther- 
apy may be shown to provide the best results for 
patients with localized diffuse lymphomas, it has 
a potential for both short- and long-term toxicity. 
Furthermore, combined modality therapy has not 
been proven to be of superior benefit to either mo- 
dality alone in terms of survival advantage in non- 
Hodgkin’s lymphoma. Therefore, the clinician of- 
ten must choose between chemotherapy or ra- 
diotherapy as the initial strategy. DHL should be 
treated with curative intent, since they confer an 
unfavorable prognosis, and combination chemo- 
therapy programs make cure a real possibility. In 
contrast, current available therapy for the more 
indolent, nodular lymphomas has not been shown 
to prolong survival. Routine aggressive treatment 
of nodular lymphomas cannot be justified. Accord- 
ingly, there has been a revival of interest in the 
expectant observation and nontreatment of nodu- 
lar lymphoma.* Although patients with advanced 
nodular lymphomas can live for 5-10 years with 
little or no therapy, it remains unclear what pro- 
portion of these patients can be managed effec- 
tively with no initial treatment. 


Radiotherapy 


Radiotherapy with curative intent for localized 
non-Hodgkin’s lymphoma plays a more limited 
role than for early stage Hodgkin’s disease, since 
the non-Hodgkin’s lymphomas are less often local- 
ized and the pattern of abdominal involvement 
is different than in Hodgkin’s disease. The much 
more frequent involvement of mesenteric lymph 
nodes and the liver by the non-Hodgkin’s lympho- 
mas precludes the application of total nodal irradi- 
ation with curative intent, since such locations are 
outside the standard inverted Y irradiation portal. 

Nevertheless, involved-field radiotherapy can 
be curative when administered in tumorcidal doses 
to stage I or II patients. The dosage commonly 
employed is 3000-4000 rads delivered over a 3- 
4 week interval. Although stage I patients com- 
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prise only 5%-10% of all patients with non-Hodg- 
kin’s lymphoma, involved-field radiotherapy can 
effect a prolonged disease-free survival for 5 years 
or more in more than one-half of such patients.§ 
The results in stage II disease are poorer, particu- 
larly with DHL, where disease-free survival fol- 
lowing involved-field radiotherapy alone is approx- 
imately 25% at 2 years.48 Relapse usually occurs 
at sites outside the initial irradiation portal, indi- 
cating the high likelihood of occult, micrometa- 
static disease, undetected at presentation despite 
complete staging evaluation. Administering ex- 
tended-field radiotherapy, as in Hodgkin’s disease, 
does not improve results. The sterilizing dose of 
radiation for histiocytic lymphoma may be higher 
than for other histopathologic types. For histio- 
cytic lymphoma, 4500-5000 rads should be 
administered.?8 

Radiotherapy constitutes the primary mode of 
treatment for localized extranodal lymphomas. 
Since histiocytic lymphomas are the most frequent 
pathologic variety comprising primary extranodal 
disease, complete remissions often require the ap- 
plication of 5000 rads. Primary histiocytic lym- 
phoma of bone requires a higher dose of irradia- 
tion, on the order of 6000 rads for local 
sterilization.*6 

Total-body irradiation given at a dosage of 5- 
15 rads 3-5 times a week to a total dose ranging 
from 100 to 250 rads has been advocated for treat- 
ment of advanced nodular, non-Hodgkin’s lym- 
phoma. Such treatment for stage III and IV nodu- 
lar lymphoma patients results in approximately 
60% 5-year survival and 25% disease-free 
survival.?° The results are similar to those achieved 
with chemotherapy. A controlled, prospective ran- 
domized trial at the National Cancer Institute 
comparing total-body irradiation with chemother- 
apy for the treatment of nodular and diffuse lym- 
phocytic or mixed stage III and IV lymphomas 
has shown both therapies to be equivalent. Com- 
bining both therapies does not appear to offer addi- 
tional benefit.5? 


Single-Agent Chemotherapy 


The response rates of advanced non-Hodgkin’s 
lymphoma to single-agent chemotherapy are 
shown in Table 2-7, Alkylating agents are superior 
to vinca alkyloids; vincristine is superior to vin- 
blastine. Procarbazine has some activity against 
histiocytic lymphoma and, being lipophilic, crosses 
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TABLE 2-7 Response Rates (%) to Single Agents Used 
to Treat Non-Hodgkin’s Lymphoma 


Histiocytic Lymphocytic 

Drug Lymphoma Lymphoma 
Nitrogen mustard 18 60 
Cyclophasphamide 57 67 
Vincristine 65 38 
Vinblastine 28 19 
Procarbazine 27 — 
Doxorubicin 49 35 
Bleomycin 40 44 
BCNU 33 20 
Dicarbazine — 27 
VP-16-213 36 58 
VM-26 19 28 
Methotrexate (high dose) 70 — 
L-Asparaginase — 60 


Adapted from Bender RA, DeVita VT: Non-Hodgkins lym- 
phoma. In Staquet MJ (ed): Randomized Clinical Trials in 
Cancer: A Critical Review by Sites. New York, Raven Press, 
1978, pp 77-102. 


the blood-brain barrier, as high doses of metho- 
trexate requiring citrovorum rescue. L-Asparagin- 
ase has considerable activity against lymphocytic 
lymphomas, particularly those of the T lympho- 
cyte types. 2-Deoxycoformycin has specific activity 
against T cell lymphomas, since the enzyme which 
it inhibits, adenosine deaminase, is found only in 
T cells and not B cells.3 

Single-agent chemotherapy has a role in the 
treatment of the most indolent varieties of non- 
Hodgkin’s lymphoma. DWDL confers an average 
survival in excess of 6 years, and it is best treated 
by the sequential use of single chemotherapeutic 
agents, usually commencing with an oral alkylat- 
ing agent, sometimes in conjunction with intermit- 
tent corticosteroid administration. Such therapy, 
however, has not been shown to prolong survival. 

NPDL is the most common indolent variety 
of non-Hodgkin’s lymphoma and confers an aver- 
age survival of 6 years. In a randomized clinical 
trial comparing the single oral alkylating agent, 
cyclophosphamide, with the combination of cyclo- 
phosphamide, vincristine, and prednisone (CVP), 
followed by total-lymph node irradiation, each re- 
sulted in equivalent 5-year survival rates.1? Al- 
though single-agent maintenance chemotherapy 
prolongs remission for patients with indolent 


nodular lymphomas, it has been argued that pro- 


longed alkylating agent therapy as maintenance 
treatment serves to hasten the development of drug 
resistance and reduces the subsequent remission 
rate with the same agent. 
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Combination Chemotherapy 


The same principles underlying the development 
of effective combined chemotherapeutic programs 
for the treatment of advanced Hodgkin’s disease 
have been applied to design therapies for non- 
Hodgkin’s lymphoma. These principles include 
nonoverlapping toxicities, lack of cross-resistance 
among the agents employed, and intermittent ad- 
ministration to permit bone marrow recovery be- 
tween cycles. Some combination programs employ 
a particular drug for a specific reason, such as 
its ability to penetrate the blood~—brain barrier. 
Other programs employ specific drugs to capitalize 
on theoretical drug interactions, such as the 
COMLA* program, in which high-dose metho- 
trexate has been shown to aid the penetration of cy- 
tosine arabinoside into the malignant cell. For the 
treatment of Hodgkin’s disease, the optimal num- 
ber of drugs in a given program appears to be 
four. For the non-Hodgkin’s lymphomas, the opti- 
mal number, if any, remains undetermined. Many 
of the combination programs currently in use for 
the treatment of non-Hodgkin’s lymphomas are 
described below in reference to specific therapy 
for the various histologic varieties. 


Management 


Advanced Nodular Lymphomas 


With the exception of nodular histiocytic lym- 
phoma, the nodular lymphomas tend to be indo- 
lent and naturally wax and wane with time. NPDL 
is the most frequently encountered type of nodular 
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lymphoma, with an average survival of greater 
than 5 years. Interestingly, survival is not ad- 
versely affected by bone marrow or liver involve- 
ment in the nodular lymphomas. Following ra- 
diotherapy for apparent localized disease, or 
chemotherapy for advanced disease, relapse rates 
are constant and continuous up to 15%/year, even 
beyond 5 years. Thus, despite the term “‘favorable- 
prognosis” lymphoma applied to NPDL, patients 
ultimately die of their disease. Therapeutic pro- 
grams for the treatment of nodular lymphomas 
are shown in Table 2-8. Response rates for combi- 
nation chemotherapeutic programs are in excess 
of 90%, with complete remission rates averaging 
approximately 50%. Although approximately 
75% of patients are alive at 5 years, only approxi- 
mately 20% are disease free. Whereas achieving 
a complete remission may not be significant in 
terms of overall survival for NPDL, this may not 
be the case for nodular mixed lymphoma; for the 
latter, two studies have demonstrated that the sur- 
vival of patients achieving a complete remission 
is greater than that of partial remitters.!!2 Because 
prolongation of survival for patients with NPDL 
has not been demonstrated, some workers have 
advocated an initial no-treatment approach. Since 
nodular lymphomas eventually become aggressive 
and transform into diffuse lymphomas following 
a prolonged indolent course, it remains to be seen 
whether or not early or late treatment during the 
indolent phase has any effect upon this metamor- 
phosis. 

Palliative radiotherapy is a useful adjunct to 
chemotherapy in situations in which localized tu- 
mor bulk causes symptoms or organ dysfunction, 
such as in ureteral obstruction. As mentioned 


TABLE 2-8 Therapeutic Programs for Patients with Stages III and IV (Advanced) 


Nodular Lymphoma 


Complete 5-Year 
Program? Author Response (%) — Survival (%) 
Cyclophosphamide or Jones et al.?? 31-48 — 
chlorambucil 
CVP (NCD Anderson et al.!# 67 75 
COP Luce et al.?9 49 55 
CHOP McKelvey et al.34 69 — 
MABOP Bonadonna et al.* 53 —_ 
Total-body irradiation Johnson” 90° 68 


@ CVP and COP, cyclophosphamide, vincristine, and prednisone; CHOP, cyclophosphamide, 
doxorubicin, vincristine, and prednisone; MABOP, 


> Overall response. 
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above, total-body irradiation is a reasonable thera- 
peutic option, providing equal benefit compared 
with CVP in terms of remission induction and 
relapse-free survival, but with perhaps greater 
long-term toxicity resulting in variants of acute 
leukemia.?9 

In general, clinical trials have shown that, al- 
though complete remission rates are higher with 
CVP than with single alkylating agent therapy, 
overall survival results are equivalent. Similarly, 
continuous single-agent drug maintenance therapy 
prolongs remission duration, but does not improve 
survival. A recent randomized study in Milan 
demonstrated no significant difference in either re- 
lapse-free or overall survival with the addition of 
chemotherapy (CVP) to radiotherapy alone in pa- 
tients with localized NPDL.* 

Nodular mixed and nodular histiocytic lympho- 
mas are relatively uncommon; they are thought 
to develop as NPDL dedifferentiates. Combination 
chemotherapy can achieve a complete remission 
for approximately 75% of patients with nodular 
mixed lymphoma. Unlike NPDL, the remissions 
appear to be durable. Nodular histiocytic lym- 
phoma comprises only approximately 3%4% of 
all non-Hodgkin’s lymphoma. Similar to nodular 
mixed lymphoma, however, complete remissions, 
when achieved, remain prolonged. Thus, both 
nodular mixed and nodular histiocytic lymphomas 
are potentially curable and, accordingly, treatment 
with intense chemotherapeutic programs is 
justified.1? 


Diffuse Histiocytic (Large Cell) Lymphoma 


Approximately 30% of patients with DHL present 
with pathologic stage I or II disease. At the Uni- 
versity of Chicago, treatment with radiotherapy 
alone resulted in a median survival of 58 months 
for pathologic stage I patients, but only 18 months 
for pathologic stage II patients.*” Similar results 
have been reported from the National Cancer In- 
stitute: pathologic stage II patients with DHL who 
received involved-field radiotherapy survived a 
median of only 33 months. Thus, radiotherapy 
alone provides adequate treatment for stage I pa- 
tients, but not for stage II patients. Accordingly, 
stage II patients would be best treated with either 
chemotherapy alone or combined modality ther- 
apy. Either of these strategies would preclude the 
need for staging laparotomy. It remains to be dem- 
onstrated whether or not chemotherapy alone with 
combined modality therapy could improve results 
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over radiotherapy for stage I DHL. Clinical trials 
are currently in progress to answer this question.*? 

As stated above, patients with advanced NPDL 
are at a continuous risk for relapse irrespective 
of whether or not a complete remission is achieved. 
This is not true for advanced DHL. Almost all 
patients with advanced DHL who either do not 
respond to initial chemotherapeutic programs or 
have only a partial response die of the disease 
within 2 years. Complete remission, on the other 
hand, confers a 40% chance of prolonged, unmain- 
tained, disease-free survival for longer than 5 
years.*> It is therefore justifiable to describe cur- 
rent intense combination chemotherapeutic pro- 
grams as potentially curative of advanced DHL. 

Some of the combination chemotherapeutic 
programs administered to previously untreated pa- 
tients with advanced DHL are listed in Table 2- 
9. Since 1970, complete remission rates have in- 
creased from 40% to greater than 70% as more 
intense treatment programs have been developed. 
Furthermore, approximately 70% of those achiev- 
ing complete remission remain disease free for 
longer than 2 years, without maintenance treat- 
ment. Such treatment programs are myelosuppres- 
sive, and some contain a component designed to 
treat occult central nervous system disease. 

With the cure of DHL becoming a reality, atten- 
tion is now being focused upon identifying initial 
prognostic variables, such as histologic subsets and 
clinical characteristics to predict better a complete 
response. Advanced stage (III or IV), the presence 
of fever or weight loss, gastrointestinal masses 
greater than 10 cm in diameter, liver involvement, 
bone marrow involvement, hemoglobin less than 
12 g/dl, and a serum lactate dehydrogenase level 
greater than 250 units/ml all adversely affect the 
attainment of a complete remission. Such factors 
tend to reflect tumor cell mass. Although the over- 
all rate of central nervous system involvement by 
DHL, usually manifested as lymphomatous men- 
ingitis, occurs in approximately 8% of patients, 
bone marrow involvement and possibly testicular 
involvement predict a higher risk. 

When a diagnosis of lymphomatous meningitis 
is established, recommended therapy includes 
whole-brain radiotherapy plus intrathecal che- 
motherapy. Methotrexate is usually given intrathe- 
cally because it is effective in leukemic meningitis. 
Whether or not methotrexate is best given by re- 
peated lumbar punctures or via an Ommaya reser- 
voir remains an unanswered question. Approxi- 
mately 85% of patients receiving such combined 
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TABLE 2-9 Therapeutic Programs in Previously Untreated Patients with Ad- 


vanced Diffuse Histiocytic Lymphoma 


Median 

Complete Survival 

Program ? Author Response (%) (months) 
CVP Nissen et al.38 42 0 
C-MOPP DeVita et al.!° 41 9 
CHOP/HOP McKelvey et al.3! 68/66 23 
BACOP (NCI) Schein et al.44 48 >17 
BACOP (Farber) Skarin et al.4 56 9 
COMLA Sweet et al.49 55 >33 
M-BACOD Skarin et al.46 80 >21 
ProMACE-MOPP Fisher et al.'4 63 >19 
COP-BLAM Lawrence et al.27 63 — 
ACOMLA Newcomer et al.37 64 — 


@ CVP, cyclophosphamide, vincristine, and prednisone; 
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modality central nervous system therapy have im- 
provement or attain good control of disease 
manifestations.®® Total eradication, however, is in- 
frequent. Because there is a proclivity to involve 
the central nervous system, some of the newer 
combination programs contain a component de- 
signed to treat the central nervous system at initial 
diagnosis in the absence of demonstrable lympho- 
matous meningitis. Examples are the use of high- 
dose methotrexate in the M-BACOD* and 
ACOMLA*®’ programs, and procarbazine in the 
COP-BLAM?’ program. Clinical trials are being 
designed to test whether initial complete respon- 
ders, particularly those with bone marrow involve- 
ment, derive any benefit from additional prophy- 
lactic central nervous system treatment consisting 
of whole-brain radiotherapy and intrathecal che- 
motherapy. 

There is no currently available effective salvage 
treatment for those patients who fail to achieve 
a complete response or relapse. An additional ther- 
apeutic question to be answered by future clinical 


trials is whether it is advisable to give maintenance 
treatment to those who have achieved a complete 
remission. These issues and questions have only 
come about due to the dramatic improvement of 
therapies that now offer patients a reasonable 
chance for cure. 


Diffuse, Poorly Differentiated Lymphocytic 
Lymphoma 


DPDL and DHL comprise the two largest catego- 
ries of unfavorable-histology non-Hodgkin’s lym- 
phoma. Like DHL, DPDL shows a high early 
relapse rate during the first year following a com- 
plete remission, approximately 33%. Relapse be- 
comes less likely during subsequent years but, un- 
like DHL, does not become insignificant following 
2 years. Results of some of the therapeutic pro- 
grams employed to treat DPDL are shown in Ta- 
ble 2-10. Single alkylating agents result in an ap- 
proximately 20% complete remission rate for 
patients with DPDL. Less than 10% of patients 


TABLE 2-10 Therapeutic Programs for Patients with Diffuse, Poorly Differenti- 


ated Lymphocytic Lymphoma 


Median 
Complete Survival 
Program? Author Response (%) (months) 
COP Luce et al.?9 50 16 (70)® 
COP Bagley et al.? 57 35 (62) 
CHOP McKelvey et al.3! 68 12 (75) 
HOP McKelvey et al.3! 55 


* COP, cyclophosphamide, vincristine, and prednisone; CHOP, cyclophosphamide, doxorubi- 
cin, vincristine, and prednisone; HOP, doxorubicin, vincristine, and prednisone. 


> Percentage is given in parentheses. 
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treated with single agents survive longer than 2 
years. Combination chemotherapy provides better 
results. Unlike DHL, however, there does not ap- 
pear to be a subcategory of patients who enjoy 
prolonged remission and disease-free status follow- 
ing a complete remission. 


New and Experimental Therapies 


Phase II trials of new chemotherapeutic agents 
are currently in progress. Agents that show prom- 
ise for activity against non-Hodgkin’s lymphoma 
include methyl! GAG, vindesine, VM-26, and gal- 
lium nitrate.265°-56 Delivery of agents by continu- 
ous intravenous infusion may improve their thera- 
peutic index and thus be incorporated into 
combination chemotherapy programs. Infusions of 
bleomycin and vinca alkyloids are now being tested 
in this manner. Interferon derived from human 
leukocytes has been shown to effect a partial re- 
sponse in previously untreated patients with 
NPDL.? Antithymocyte globulin has been re- 
ported to cause regression of a T cell lymphoma.*? 

As the techniques for raising monoclonal! anti- 
bodies improve, and more specific immunologic 
identification of lymphomas becomes possible, 
monoclonal antibody therapy with unique specific- 
ity may revolutionize therapeutic strategies in the 
future. For example, Miller et al. infused lym- 
phoma cells from a patient with nodular lym- 
phoma with murine myeloma cells.5* This hy- 
bridoma secreted the human IgM lambda found on 
the cell surface of the patient’s lymphoma cells. 
This particular IgM lambda was then used to raise 
a monoclonal antibody with specificity against the 
idiotype unique to the IgM lambda. Following 
eight intravenous infusions of this monoclonal 
anti-idiotypic antibody, the patient, who had 
been refractory to conventional chemotherapy, 
achieved a complete remission that persisted for 
9 months following therapy.** 
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CHAPTER 3 


Angioimmunoblastic Lymphadenopathy 


A Clinical View 
David J. Straus 


In the mid-1970s three groups of pathologists de- 
scribed a lymphomalike disorder associated with 
systemic symptoms and immunologic abnormali- 
ties. Frizzera!® et al. termed the disorder angioim- 
munoblastic lymphadenopathy (AILD), Lukes 
and Tindle*® immunoblastic lymphadenopathy 
and Radaszkiewicz and Lennert** lymphogranulo- 
matosis X. There are three histopathologic features 
of the lymph nodes in this disorder (Figure 3- 
1): 


1. There is an infiltration of the lymph node with 
lymphocytes, plasma cells, and ‘“immuno- 
blasts” at times also associated with eosinophils 
and histiocytes. The immunoblasts are large 
lymphoid cells that resemble histologic sections 
of mitogen-stimulated transformed lympho- 
cytes. The cytoplasm is amphophilic on hema- 
toxylin and eosin staining, azurophilic with the 
Giemsa stain, and pyronophilic with methyl 
green pyronine. 

2. There is a proliferation of small ‘“arborizing” 
blood vessels. 

3. There is a diffusely distributed pale acidophilic 
interstitial material which stains lightly with 
periodic acid-Schiff. There may be distortion 
of the normal lymph node architecture with 
cellular depletion and “different forms of burnt- 
out germinal centers.’’18 


These initial reports stressed histopathology 
and only briefly described the clinical features. Fol- 
lowing their publication, a series of papers ap- 
peared reporting a myriad of clinical manifesta- 
tions and associations. In collaboration with Dr. 
Charles Bagley and his colleagues at the University 
of Washington in Seattle, Dr. Peter Schauer and 


I looked at our own experience at Memorial Sloan- 
Kettering Cancer Center in New York City and 
that of our colleagues in Seattle from a clinical 
rather than a histopathologic point of view.®° In 
this chapter our own experience and that in the 
literature are brought up to date. Five new cases 
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FIGURE 3-1 Photomicrograph of lymph node biopsy 
demonstrating angioimmunoblastic lymphadenopathy. 
Hematoxylin and eosin stain, X205. (From Daniel Fi- 
lippa, M.D., Department of Pathology, Memorial Hos- 
pital, Sloan-Kettering Cancer Center, with permission.) 
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have been added to the 13 that we have previously 
reported.5° 


Clinical Features 


As others have reported,!833 AILD is usually a 
disease of middle-aged or elderly individuals, al- 
though cases in younger individuals?’4244+6 and 
even in children}? have also been described. The 
median age in our series was 59 years with a range 
between 45 and 78 years. There were 16 males 
and 2 females, although there does not seem to 
be a sex predominance in the literature. The clini- 
cal characteristics of these 18 patients are summa- 
rized in Table 3-1. 

A common feature of cases in the literature 
has been a history of drug exposure, suggesting 
the possibility of an allergic etiology. The drugs 
implicated include dilantin,!93*37 penicillin,?93-46 
griseofulvin,** cyclophosphamide,“ chloroquine,** 
barbiturates,*>-37 sulfas,2* procaine,“ aspirin,}9 hal- 
othane,!9 liver extract,525* dextroamphetamine,* 
methyldopa,® hydroxychloroquine,®! pyrimetha- 
mine,!° and insulin.28 A 71-year-old shipyard 
worker developed AILD in association with 
asbestosis.*4 In our own series, only patient 17 
had an association of the onset of symptoms with 
the administration of cephalexin for an upper re- 
spiratory infection. 

Systemic symptoms were prominent in 14 of 
18 patients, including weight loss in 11 patients, 
fever in 14, and night sweats in 11. All 18 patients 
had lymphadenopathy, and it was generalized in 
16. The 2 patients with localized lymphadenopathy 
were also asymptomatic. Splenomegaly was pres- 
ent in 13 patients and hepatomegaly in 6. Four 
patients had significant ascites, and cytologic anal- 
ysis of the ascitic fluid revealed atypical lympho- 
cytes in 2 and reactive cells in the other 2. Cultures 
of the ascitic fluid were negative in all 4 patients, 
and 2 were treated empirically with isoniazid and 
ethambutol because of a positive tuberculin test. 

Diffuse pulmonary infiltrates were seen on chest 
x-ray in three patients. Open lung biopsy was per- 
formed in one patient and showed an immunoblas- 
tic cell infiltration without evidence of infection. 
Four patients had pleural effusions; they were asso- 
ciated with ascites in three patients and with con- 
gestive heart failure in the fourth. Dyspnea and 
cough has been a feature of some patients in the 
literature with pulmonary involvement,?.7,264458.66 
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and some have developed severe respiratory 
insufficiency.?*-4458 The radiographic findings in- 
clude hilar and/or paratracheal lymphadenopathy 
and pleural effusion. Parenchymal lung involve- 
ment begins as diffuse interstitial nodular densities 
which may progress to a mixed alveolar and in- 
terstitial infiltrate*? The most extensive pulmo- 
nary function studies were reported by Zylak et 
al., who found a ventilation—perfusion imbalance 
associated with frequency dependence of compli- 
ance and a large closing volume in the presence 
of normal elastic recoil, probably indicating small 
airway disease.*6 As in one of our patients, lung 
biopsies showed infiltration of immunoblastic cells. 
Immunofluorescent stains with monospecific anti- 
sera of lung sections performed by Iseman et al. 
showed bright focal intracellular IgG and IgM 
and less intense staining for IgA in alveolar walls.?6 

A generalized rash was present in 8 of our 18 
patients, and it was intensely pruritic in 3. The 
rash had a nonspecific appearance of a maculo- 
papular erythema, although other features have 
been reported in the literature, including petechiae 
and purpura, erythroderma, and urticaria.'3-5%62 
An exacerbation of the rash with drug exposure 
has been reported.!*5* Skin biopsies have shown 
vasculitis in the capillaries of the dermis with peri- 
vascular collections of lymphocytes, histiocytes, 
and immunoblasts extending into the dermis.195? 

There are several disorders thought to have an 
autoimmune basis that have been associated with 
AILD, including Hashimoto’s thyroiditis,*! hypo- 
thyroidism,’® uveitis,1+ Sjégren’s syndrome,?” 
pernicious anemia,!® and Guillain-Barré syn- 
drome.?78 The common association with auto- 
immune hemolytic anemia is described in the next 
section. Meningeal involvement,*! even causing a 
spinal cord compression,*” has been reported. One 
of our cases developed lung carcinoma, and an 
additional patient in the literature developed carci- 
noma of the pancreas. 


Laboratory Features 


The laboratory features of our 18 patients are pre- 
sented in Table 3-2. Anemia was present at time 
of diagnosis in 12 patients and was severe in 6. 
Of the 18 patients, 10 had a positive direct 
Coombs’ test and a cold agglutinin was detected 
in 3. In all 3 patients the cold agglutinin was anti- 
I. Six patients (Nos. 4, 8, 10, 11, 15, and 16) had 
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severe life-threatening autoimmune hemolytic ane- 
mia. In 4 it was due to a warm, Coombs’ test- 
reactive antibody, while a cold agglutinin was re- 
sponsible in the other two. The reticulocyte count 
was inappropriately low for the degree of hemoly- 
sis in all 6 patients, although the bone marrow 
aspiration smears showed erythroid hyperplasia 
in all 6. Anemia has been a feature of three-fourths 
of the cases reported in the literature, and red 
cell autoantibodies have been detected in one- 
half.®° Six patients had a leukocytosis, a finding 
that occurred in 25% of cases in the literature.®° 
Eight patients had eosinophilia, as compared to 
31% in the literature,*° and 2 patients had circulat- 
ing plasmacytoid lymphocytes. Such cells and im- 
munoblasts were also seen in the bone marrow 
in 8 patients, which was also described by Pangalis 
et al.4* Three patients had platelet counts of less 
than 100,000/mm3. 

One patient had an antinuclear antibody with 
a nonspecific, diffuse staining pattern, and 2 had 
a serum rheumatoid factor in low titer. A patient 
has also been reported with a positive lupus ery- 
thematosus preparation with out a circulating anti- 
DNA antibody.?° Circulating cryoglobulins were 
found in 3 patients. Schultz and Yunis reported 
a patient who developed AILD following exposure 
to liver extract associated with a serum mixed 
cryoglobulin containing IgG, IgA, IgM, and 
bound complement components.®? This cryoglobu- 
lin formed a precipitin with liver extract which 
was found to reside in the IgA and IgM fractions. 

Twelve patients had a polyclonal increase in 
serum immunoglobulins, and one patient (No. 17) 
had a low level of monoclonal protein (IgM 
kappa). Although a polyclonal increase in serum 
immunoglobulins has been reported in the litera- 
ture in about three-fourths of the patients, mono- 
clonal gammopathies have also been seen in a 
few. 1218.28.45 Four patients had a decrease in serum 
immunoglobulins, which has also been previously 
reported,®? and 2 had an absence of IgA.° Weisen- 
burger et al. described two cases with decreased 
serum levels of total serum complement and C3 
and C4 associated with pulmonary vasculitis.®4 

Defects in cell-mediated as well as humoral im- 
munity have also been reported. Of 11 patients 
tested, 3 had anergy to recall skin test antigens, 
a finding that has also been reported in the 
literature.©4529 Anergy has also been described 
with active skin sensitization with 2,4-dini- 
trochlorobenzene.15 


Almost total unresponsiveness of peripheral 
blood lymphocytes has also been reported with 
several mitogens, antigens, and mixed lymphocyte 
culture.® 2128.45 In one patient the in vitro lym- 
phocyte response to phytohemagglutinin and puri- 
fied protein derivative was normal. The patient’s 
lymphocytes responded to low concentrations of 
lipopolysaccharide, a B cell mitogen, while control 
lymphocytes failed to respond.*° The percentage 
of circulating T lymphocytes has been low in some 
reports,?129-30.40.42 although in others?®4° it has 
been normal. Bluming et al. demonstrated a lack 
of suppressor T lymphocyte activity in 2 patients 
with AILD with polyclonal hypergamma- 
globulinemia.* Garam et al. also described a de- 
crease of natural killer lymphocyte activity in an 
AILD patient.”1 Kosmidis et al. found a decreased 
migration of lymphocytes to the skin following 
an inflammatory stimulus (Rebuck skin window 
technique) in another AILD patient.?® This non- 
specific abnormality has been found in patients 
with a variety of defects in cell-mediated immu- 
nity. 

Hypercalcemia was reported in 2 patients with 
AILD.?°© One of these patients developed hyper- 
calcemia in the setting of transformation of AILD 
into a lymphoma.” One of the patients with hyper- 
calcemia was found to have a normal plasma para- 
thyroid hormone level and no osteoclast-activating 
factor in cultured bone marrow cells. Bone marrow 
biopsy demonstrated immunoblasts adjacent to ar- 
eas of active bone resorption.© 


Outcome: Infection and Malignant 
Lymphoma 


Only 5 of the 18 patients in our series are still 
alive with a follow-up period of between 3+ and 
66+ months (Table 3-3). Only one of these pa- 
tients, the longest survivor who had stage I disease, 
is completely disease free. The other 4 patients 
have achieved a partial response with treatment 
and have run a subacute course. The median sur- 
vival for the entire group is 3 months. Eleven pa- 
tients died of infections; these were bacterial infec- 
tions in 9. Several of these patients had leukopenia 
secondary to cytotoxic chemotherapy, which may 
have contributed to their demise. Two patients 
died of opportunistic infections with Pneumocystis 
carinii. One patient died of a cerebral hemorrhage 
in the setting of chemotherapy-induced thrombo- 
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cytopenia. A pulmonary embolism in the setting 
of sepsis contributed to the death of one patient. 

AILD has a fulminant course ending in fatal 
infection in most patients. These infections seem 
to develop in the setting of the underlying immu- 
nosuppression caused by the disease and possibly 
exacerbated by prednisone and cytotoxic agents. 
Myelosuppression due to the latter treatments may 
have also contributed to the death of several pa- 
tients. A minority of patients run a more subacute 
course, which may be helped by treatment, and 
an even smaller minority with localized disease 
seem to require little treatment. Claims of treat- 
ment success are, however, further confounded by 
reports of either temporary or durable spontaneous 
remissions.17-19 

One of our patients developed a non-Hodgkin’s 
lymphoma, which has also been reported in the 
literature.3-16.25.33.36.39.57.65 Tike most of the cases 
reported in the literature, this was an aggressive, 
rapidly growing large cell lymphoma (immuno- 
blastic sarcoma). Lymphocyte surface marker stud- 
ies of these lymphomas have been equivocal,1@3639 
although some cases had prominent plasmacytoid 
features.1®39 One patient developed a lymphoma 
with the morphologic features of a Burkitt’s lym- 
phoma and the characteristic cytogenetic trans- 
location from the long arm of chromosome 8 
to the long arm of chromosome 14 
(46XX,t[8q—: 14q+]). Antibody to Epstein-Barr 
virus capsid antigen was minimally increased, and 
no antibody to Epstein-Barr early antigen was 
present.3° Only one case of AILD evolving to 
Hodgkin’s disease has been reported.® Nathwani 
et al. reported a 35% incidence of progression of 
AILD to immunoblastic sarcoma in 23 patients 
in whom follow-up lymph node biopsies or autop- 
sies were performed.®® They found a decrease in 
the level of serum immunoglobulins in 7 of 14 
patients, with the development of hypogamma- 
globulinemia in 6 in association with the malignant 
transformation. They also described the progres- 
sion of malignant process from “clusters” to “‘is- 
lands” of malignant cells and eventually to diffuse 
lymph node involvement on serial biopsies. 


Speculations on Pathophysiology 
The etiology of AILD is not known, but there 


are certain facts about the disease that might lead 
to clues about its pathophysiology. The first of 


these, as mentioned earlier, is the hyperfunction 
of the B lymphocyte system. Polyclonal hypergam- 
maglobulinemia and autoimmune hemolytic ane- 
mia are its most consistent manifestations. The 
association of acute immune phenomena such 
Hashimoto’s thyroiditis, Sjégren’s syndrome, per- 
nicious anemia, and Guillain-Barré syndrome are 
also noteworthy. 

The second fact is the defect in T lymphocyte 
function found in these patients. The defects in- 
clude skin test anergy, decreased in vitro prolifera- 
tive response to mitogens, antigens, and the mixed 
lymphocyte culture reaction, decreased in vivo mi- 
gratory ability in response to skin inflammation, 
and decreased natural killer cell and suppressor 
lymphocyte activity. 

A third fact is the presence of abnormal lym- 
phocytes in patients with AILD. Random aneu- 
ploidy and chromosomal abnormalities without 
the presence of a marker chromosome were de- 
tected in the peripheral blood of one patient®® and 
in lymph node preparations of 2 others.24 The 
characteristic chromosome marker translocation 
of Burkitt’s lymphoma between chromosomes 8 
and 21, as previously mentioned,®* was seen in 
an additional patient with AILD who developed 
a Burkitt-like lymphoma. By analogy, random 
chromosomal abnormalities in nonlymphoid bone 
marrow precursors are well-known antecedents of 
both idiopathic preleukemia® and several congeni- 
tal diseases, such as Fanconi’s anemia and Bloom’s 
syndrome, in which acute nonlymphocytic leuke- 
mia develops in a high percentage of patients. 

The causes of these abnormalities are unknown, 
but it is possible that drug exposure might play 
some role. A second possible mechanism might 
be virus infection. Intracytoplasmic virus-like par- 
ticles resembling type A RNA virus particles were 
found on electron microscopy in a few of the prolif- 
erating cells in the lymph node of an AILD 
patient.>+ Several cases have been reported in 
which rubella infection antedated the onset of 
AILD.*142 Using an immunoflorescent technique, 
Krueger et al. were able to demonstrate intracyto- 
plasmic rubella antigen in lymphoid cells of 11 
of 14 patients with AILD.?1 

As suggested by Gleichmann et al.,22 the mem- 
branes of certain lymphoreticular cells might be 
altered by sensitizing drugs or viruses, causing an 
immune response primarily of T lymphocytes. 
Helper T cells may be stimulated more than sup- 
pressor T cells, causing an imbalance and favoring 
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B cell proliferation and antibody production. As 
stipulated in Salmon and Seligmann’s,** “two-hit” 
hypothesis for B cell neoplasia, a second oncogenic 
event (viral infection) might favor the emergence 
of a malignant B cell clone and the development 
of a B cell neoplasma. Nathwani et al.°° and Nei- 
man et al.,4° using immunohistologic techniques, 
identified polyclonal immunoglobulins in the cyto- 
plasm of immunoblasts in AILD patients. In con- 
trast, surface marker studies demonstrated E ro- 
sette formation in 10% and 90% of immunoblasts 
in the respective studies of Rudders and DeLellis*” 
and Klajman et al.?8 These findings suggest that 
the proliferating cells in AILD may be T cells 
and raise the possibility that the malignant trans- 
formation might occur in these T cells. As men- 
tioned above, surface marker studies in immuno- 
blastic sarcoma arising in the setting of antecedent 
AILD have been inconclusive. 


Treatment 


The treatment administered to our patients is sum- 
marized in Table 3-3. Minor responses were seen 
following local radiotherapy in 2 patients. High- 
dose prednisone resulted in minor regressions of 
lymphadenopathy in 3 patients, a partial response 
in 2 patients, and no response in 6 patients. A 
single alkylating agent, cyclophosphamide, com- 
bined with prednisone was effective in partially 
controlling the disease in one patient and provided 
a minor response in another. In contrast, chloram- 
bucil/prednisone and bleomycin were unsuccess- 
ful. Combination chemotherapy was also tried in 
12 patients. Cyclophosphamide, vincristine, and 
prednisone (CVP) resulted in 1 complete response, 
1 partial response, and 5 failures. The M-2 proto- 
col,!° a combination of cyclophosphamide, vincris- 
tine, BCNU, melphalan, and prednisone, gave 1 
partial response, while 4 patients failed to respond. 
Thus, attempts to blunt the immune response— 
presumably responsible for the debilitating symp- 
toms often seen in AILD patients—with high-dose 
prednisone and cytotoxic chemotherapy have met 
with only limited success. The additional immuno- 
suppression and myelosuppression caused by these 
agents might have exacerbated the infectious com- 
plications in a number of these patients. 

Other approaches for modifying the immune 
response were also tried. Azathioprine was unsuc- 
cessful in a single patient. Levamisole is a drug 


D. J. Straus 


that improves cell-mediated immune function by 
stimulating T lymphocyte differentiation and re- 
storing effector function (by stimulating T phago- 
cytes and T cells, including T suppressor cells).49.°6 
It has resulted in clinical improvement in some 
AILD patients,1*15 although in others no clinical 
improvement was seen despite improved lympho- 
cyte proliferative responses in vitro.§ One patient 
in our series failed to respond to levamisole. Inter- 
feron, a biologic modifier, was unsuccessful in 1 
patient in our series. Plasmapheresis was _per- 
formed in 2 patients in an attempt to remove circu- 
lating humoral factors that might be responsible 
for symptoms, but did not lead to a clinical im- 
provement. 

A rational approach to the treatment of this 
disease awaits a further understanding of its patho- 
physiology. Until then, treatment must be tailored 
to the individual patient, utilizing a conservative 
approach with observation, prednisone, and cyto- 
toxic chemotherapy; it must be remembered that 
treatment may increase the risk for serious infec- 
tious complications. 
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CHAPTER 4 


Acute and Chronic Lymphocytic Leukemia 


Martin H. Markowitz, Janet A. Mouradian, and Anne Moore 


Acute Lymphoblastic Leukemia in the 
Adult 


Acute lymphoblastic leukemia (ALL) in adults is 
a relatively rare disease, comprising approximately 
20% of the acute leukemias in patients above 15 
years of age.'6 ALL is more common in children, 
comprising nearly 90% of the acute leukemias in 
patients under age 15 (Table 4-1). Many of the 
advances in the understanding of ALL and in the 
clinical management of the illness have been made 
by studying the pediatric population. Nevertheless, 
the approach to the disease in adults is quite simi- 
lar, and today the possibility of cure of ALL has 
been realized in both the pediatric and adult popu- 
lations. 

The clinical manifestations of ALL are protean 
and generally nonspecific. Diagnosis rests on ex- 
amination of the peripheral blood smear and bone 
marrow aspirate and biopsy. Recent developments 


TABLE 4-1 Relative Frequency of Acute Lymphoblas- 
tic Leukemia (ALL) and Acute Myelogenous Leukemia 
(AML) by Age 


(%) (%) 

Age ALL AML 
0-10 92 8 
11-20 80 20 
21-30 30 70 
31-40 40 60 
41-50 20 80 
51-60 10 90 
61-70 12 88 
>70 18 82 


Adapted from Boggs et al.1¢ 


have yielded the ability to diagnose ALL with 
more certainty. 


Etiology 


The leukemic process is characterized by the pro- 
liferation of a lymphocyte precursor clone of cells 
with a growth advantage arrested at an immature 
stage of lymphocyte development.> The bone mar- 
row replacement and organ infiltration by leu- 
kemic cells results in the clinical picture of ane- 
mia, thrombocytopenia, circulating lymphoblasts, 
lymphadenopathy, and hepatosplenomegaly. The 
etiology of this process is not known. 


Viral 

Poresz et al. recently reported the isolation of a 
retrovirus from a patient with a leukemic T cell 
disorder.®+ Furthermore, specific antibodies to this 
virus, human T cell leukemia virus, have been 
found in a cluster of Japanese patients with acute 
T cell leukemia. Elevated antibody levels were de- 
tected in five of six patients with T cell leukemia, 
compared with none of 81 control patients.5! This 
appears to be the first human example relating 
the neoplastic process to a specific viral etiology. 


Genetic 

The role of genetics in the etiology of ALL is 
unclear. A fourfold increased incidence of leu- 
kemia has been noted in the siblings of children 
with acute leukemia.!24»- 1481 Chromosome abnor- 
malities have been observed in acute leukemia. 
Bloomfield et al. documented karyotypic variation 
in 85% of patients with ALL.14 Most common 
were hyperdiploidy in 53% and pseudodiploidy 


51 


52 


(translocation) in 30%. Hypodiploidy, commonly 
seen in acute myelogenous leukemia, was present 
in only 17% of the cases studied. The significance 
of these abnormalities remains unclear. 


Environmental 

Environmental factors have been implicated in 
causing the leukemic process. For example, an in- 
creased incidence of ALL has been seen in survi- 
vors of the Hiroshima and Nagasaki nuclear 
bombing. 124 p. 1478 


Diagnosis and Classification 


The diagnosis of acute leukemia is rarely difficult. 
The clinical picture, associated with a hypercellu- 
lar bone marrow with sheets of immature cells 
replacing the normal bone marrow architecture, 
is diagnostic (Figure 4—1). Nevertheless, the proper 
classification of the acute leukemias by cell type 
may be problematic. The correct diagnosis of 
lymphoid leukemia as opposed to myeloid leuke- 
mia is very important for proper treatment. Fur- 
thermore, assigning the correct morphologic or 
immunologic subtype to a patient with ALL may 
have prognostic as well as therapeutic importance. 

A combination of morphologic features, histo- 
chemical properties, specific enzyme levels, and 
immunologic subtyping has allowed for the accu- 
rate diagnosis and classification of ALL, and has 
aided in the understanding of the heterogeneous 
nature of this disease. 


Morphologic Classification 

The lymphoblast is classically described as a cell 
with a regular, folded nucleus with one prominent 
nucleolus, scant, agranular, basophilic cytoplasm, 
and a high nuclear/cytoplasmic ratio. In contrast, 
the classic myeloblast is a less regularly shaped 
cell with many nucleoli, granules and Auer rods 
in the cytoplasm, and a low nuclear/cytoplasmic 
ratio.8*16 However, because of the morphologic 
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FiGURE 4-1 Morphology of acute lymphoblastic leu- 
kemia: bone marrow biopsy. (a) Low-power photomicro- 
graph showing a bone marrow solidly packed with leu- 
kemic cells. There is total absence of fat and normal 
marrow elements. X60. (b) High-power photomicro- 
graph of same bone marrow. Primitive leukemic cells 
are obvious, with irregular nuclear membranes and 
finely dispersed nuclear chromatin. <240. 


heterogeneity of the acute leukemias, Bennett and 
others proposed a new classification, known as the 
French-American-British (FAB) system.> The 
FAB classification attempted to permit clear dis- 


TABLE 4-2 French-American-—British Classification of ALL 


Cell Nuclear 
Type Size Nucleus Shape Nucleoli Cytoplasm Basophilia Vacuolization 
iy Small Homogenous Regular  Indistinct Scant Slight None 
Ly Large Variable Irregular Prominent Moderate Moderate None 
L3 Large Stippled Round Prominent Abundant Intense Prominent 


Adapted from Bennet et al.5 
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tinction of myeloid from lymphoid leukemias and 
to classify subtypes within both groups in order 
to improve diagnostic ability and potentially iden- 
tify variable features of the illness, in both presen- 
tation and prognosis. 

The FAB classification of ALL into types Li, 
L2, and Ls is described in Table 4~2 and illustrated 
in Figure 4-2. The Li cells are predominantly 
small cells, up to twice the diameter of the normal 
lymphocyte. The blast population is characteristi- 
cally homogeneous. The Le cells are generally 
more than twice as large as the normal lympho- 
cyte, more heterogeneous in size and shape, and 
exhibit a greater degree of cytoplasmic basophilia. 
Ls blasts are termed Burkitt-like, owing to the 
abundant basophilic cytoplasm which displays 
marked vacuolization within the large, relatively 
homogeneous cell population. 

The FAB group reviewed 100 cases of ALL 
and found 66 L;, 29 Lz, and 5 Lg; 49 of the L; 
patients and 10 of the Lz patients were in the pedi- 
atric age group, compared to 17 Li and 19 Lz 
patients among the adult ALL cases. It is unclear 
whether survival differences between adult and pe- 
diatric ALL can be explained by the increased 
rate of Lz cases within the adult population. It 
is observed that Lz morphology within the pedi- 
atric population carries a poorer prognosis.72 Dif- 
ferences between L; and L2 morphology has not 
been possible with immunologic subtyping. How- 
ever, the Ls type has been found to be uniformly 
of the bone marrow-derived (B) lymphocyte type, 
and carries a poor prognosis.® 45.72 


Histochemical Classification 

In addition to morphology, the FAB system relies 
on cytochemical stains to divide the acute leu- 
kemias into lymphoid and myeloid types. It is re- 
commended that all marrow aspirates be stained 
with either myeloperoxidase or Sudan black B, 
which are specific for the primary granules of the 
myeloblast.> These stains are always negative in 
ALL. This is crucial in proper diagnosis, as an 
occasional case with Lz morphology will exhibit 
granules in the cytoplasm which will not take up 
either of the above stains. 

Approximately 50% of all cases of ALL stain 
positively with periodic acid-Schiff stain.72 This 
is not specific, as positivity is variable in‘the my- 
eloid leukemias.® 

Focal staining with acid phosphatase has been 
seen in a minority of cases of ALL. It has been 


33 


found that these represent thymus-derived (T) cell 
leukemias, characterized by pleiomorphic blasts 
with folded nucleoli, a propensity for organ infil- 
tration with mediastinal mass on presentation, 


¢ 


FIGURE 4-2 Morphology of acute lymphoblastic leu- 
kemia: bone marrow aspirate described by FAB classifi- 
cation. (a) L;: predominantly small cells; homogeneous 
nuclear chromatin with regular nuclear shape; absent 
or indistinct nucleoli; scanty cytoplasm. <600. (b) Le: 
predominantly large cells but heterogeneity in cell size 
and in nuclear chromatin pattern; prominent nucleoli; 
variable cytoplasm, may be abundant. X600. (c) Ls: 
Burkitt’s type: cells large and homogeneous; dense nu- 
clear chromatin with nucleoli; intensely basophilic; 
moderately abundant cytoplasm with vacuolization. 
x<600. 
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high initial blast counts, and high rates of central 
nervous system involvement.?2-118 


Enzyme Activity 
Terminal deoxynucleotidyl transferase (Tdt) is an 
enzyme discovered nearly 20 years ago in the calf 
thymus extract.8° The enzyme catalyzes the addi- 
tion of deoxyribunucleotides to the end of a single- 
stranded series of bases without the need for a 
DNA template.5° Elevated levels were first noted 
in calf thymocytes, and shortly thereafter they 
were found in a small number of normal human 
bone marrow cells.2259 In 1973, McCaffrey et al. 
reported a case in which elevated levels of Tdt 
activity were measured in the leukemic blasts of 
a child with ALL.79 Subsequently, it has been de- 
termined that nearly all cases of ALL exhibit ele- 
vated Tdt activity in the leukemic blasts.®%6266 

Tdt positivity has been shown to predict re- 
sponse to therapy in patients with the blast phase 
of chronic myelogenous leukemia. Thirty patients 
with Philadelphia chromosome-positive chronic 
myelogenous leukemia in the blast phase were 
treated with vincristine and prednisone: 12 patients 
responded to this therapy, and 11 of the 12 had 
Tdt-positive blasts, despite clearly myeloid mor- 
phology in 5 of the 11.77 

Tdt positivity is not specific for ALL. Approxi- 
mately 5% of cases of acute myelogenous leukemia 
exhibit elevated Tdt levels. This may reflect abnor- 
mal gene expression within the blast population, 
or it may indicate that the target blast cell in these 
cases of acute myelogenous leukemia is pluripotent 
and exhibits features of both myeloid and lym- 
phoid differentiation.®° 

The determination of Tdt activity in leukemic 
blasts may be performed by biochemical assay, 
radioimmunoassay, immunofluorescence, or histo- 
chemical techniques.445669-8° In light of the find- 
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ings noted above, Tdt determinations should be 
performed on all patients with acute leukemia and 
chronic leukemia in the blast phase. 

Varying levels of other enzymes, specifically 
adenosine deaminase and 5’-nucleotidase, have 
been observed in blasts of lymphoid origin.*” The 
clinical utility of these enzyme levels has not been 
demonstrated. 


Immunologic Classification 

Immunologic subtyping of ALL has resulted from 
the explosion of knowledge over the past decade 
concerning the various components of the normal 
immunologic network. ALL has been divided into 
five subgroups based on the presence of the com- 
mon ALL antigen (CALLA), the presence of the 
immune-related antigen (Ia), and the expression 
of normal cell surface markers of B cells and T 
cells.8 These are summarized in Table 4-3 and 
Figure 4-3. 

CALLA, a surface glycoprotein with a molecu- 
lar weight of 98,000 daltons, is present on a major- 
ity of lymphoblasts.° It is also expressed on a small 
percentage of normal marrow cells that probably 
represent lymphoid precursor cells.46-47-61-114 

Ia antigens are membrane glycoproteins, the 
expression of which is related to the HLA-D locus. 
la is expressed on a variety of cells, including B 
lymphocytes, monocytes, macrophages, a subpo- 
pulation of T lymphocytes, and some nonhemato- 
logic cells such as sperm and epidermal cells.%6 

The B cell is defined by the presence of surface 
membrane immunoglobulin. The pre-B cell is 
identified by the presence of intracytoplasmic 
heavy chain portions of IgM.*6 

The T cell is defined by the ability to form 
rosettes with sheep erythrocytes—which is ob- 
served in approximately one-half of all cases of 
T cell ALL—and reactivity with T cell-specific 


TABLE 4-3 Immunologic Subgroups of ALL 


Subgroup CALLA Ta SmIg T Antisera Cp 
Common + + _ - - 
Pre-B cell + + _- _- + 
T cell _- _ _- + _ 
B cell - + + - _- 
Null cell _ +/—- _ _ _- 


Adapted from Foon et al.3¢ 


Abbreviations: CALLA, common ALL antigen; Ia, immune-related 


antigen; Smlg, surface membrane 
plasmic p heavy chain. 


immunoglobulin; Cy, intracyto- 
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FIGURE 4-3 Lymphocyte development and stages at which maturation arrest will result in various immuno- 
logic subtypes of lymphoid leukemia. ALL, acute lymphoblastic leukemia; Cy, intracytoplasmic p heavy 
chain of IZM; CALLA, common ALL antigen; CLL, chronic lymphocytic leukemia; HCL, hairy cell leukemia; 
Ia, immune-related antigen; SmIg, surface membrane immunoglobulin; Tdt, terminal deoxynucleotidyl transfer- 


ase. (Adapted from Foon et al.,36 with permission.) 


antisera.34-3698 The various immunologic subsets 
and incidence in the adult and pediatric population 
is shown in Table 44. At present, CALLA positiv- 
ity appears to carry a good prognosis as an inde- 
pendent variable.!® Both B cell and T cell leu- 
kemias do poorly when compared to the CALLA- 
positive group within the pediatric population.1*19 
However, it appears that the T cell type, as an 
independent variable, is not a negative prognostic 
factor. This is explained by the observation of high 
blast counts in patients presenting with T cell 


TABLE 4-4 Relative Frequency of Immunologic Sub- 
groups of ALL by Age 


Children 

< 15 years Adults 
Subgroup (%) (%) 
Common 76 30.5 
T cell 11.7 9.7 
B cell 0.5 2.0 
Null cell 12.7 37.8 


Adapted from Greaves.** 


ALL. Greaves found that when patients are ana- 
lyzed by white blood count at presentation, differ- 
efices in prognosis between T cell and common 
ALL disappear.* It is hypothesized that adults 
with ALL have a poorer prognosis due to the 
higher incidence of the high-risk immunologic sub- 
types in null cell ALL.3¢ Immunologic probing 
of leukemic cells will aid in the development of 
new therapies in adults with ALL, as well as help 
in the eventual unraveling of the process by which 
the leukemic cell population emerges. 


Prognostic Factors 


The poor prognostic features of childhood ALL 
have been clearly identified in very large series 
of controlled clinical trials by various institutions. 
High-risk factors include age greater than 10 or 
less than 2 years, male sex, initial white count 
in excess of 50,000/mm3, the presence of adenopa- 
thy and/or hepatosplenomegaly, a mediastinal 
mass at presentation, central nervous system in- 
volvement at diagnosis, Lz or Ls; morphology, B 
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or T cell markers, and the absence of CALLA 
on the leukemic cells.84 In adults, the small number 
of patients and their uniformly poor performance 
status has not allowed clear identification of the 
high-risk group. However, certain clinical features, 
as well as immunologic and morphologic features, 
of adult ALL have been associated with poorer 
clinical performance. 


Clinical Features 
Sex, age, initial blast count, initial platelet count, 
and organ involvement are features that identify 
high-risk patients. Males do more poorly than 
females.?®° Patients over 40 years of age have a 
shorter mean survival time than those below 40.1% 
Hepatosplenomegaly and/or lymphadenopathy at 
presentation has been associated with shorter re- 
mission duration, although the presence of isolated 
splenomegaly may indeed not be a_ high-risk 
factor.3%76 

The white blood cell count at presentation is 
clearly most important in predicting remission du- 
ration. Blast counts in excess of 100,000 cell/mm3 
were a dire prognostic sign in many series.25476 
Additionally, statistically significant longer remis- 
sions were demonstrated in patients presenting 
with an initial blast count of 10,000 cells/mm? 
or less.7° Survival is also adversely affected by de- 
creased platelet counts at presentation: survival 
was significantly worse in patients with presenting 
platelet counts below 50,000/mm3.1°8 Finally, the 
presence of central nervous system involvement 
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at the time of diagnosis was associated with a sig- 
nificantly shorter survival.7é 


Morphologic and Immunologic Subtypes 

The Ls B cell ALL has a very poor prognosis in 
most series.*45:76 In rank order of increasingly 
good prognosis, the immunologic subtypes may 
be listed as follows: B cell ALL, T cell ALL, null 
cell ALL, and common ALL.** Whether these im- 
munologic subtypes are independent prognostic 
variables or whether they reflect differences in clin- 
ical presentation remains unclear at the present 
time. 


Treatment 


Chemotherapy with cytotoxic agents remains the 
cornerstone of the treatment of adult ALL. The 
present-day approach has been developed as a re- 
sult of multiple clinical trials in both pediatric and 
adult patients. The therapy is divided into remis- 
sion induction (restoration of the normal hemato- 
logic state with less than 5% blasts in the bone 
marrow aspirate), early intensification once remis- 
sion is obtained, maintanence therapy to maintain 
the leukemia-free state, and central nervous system 
prophylaxis or treatment. 


Induction and Early Intensification 

A comparison of various induction regimens is 
shown in Table 4-5. Initial complete remission 
rates with vincristine and prednisone in adults with 
ALL were approximately 40%-50%, and the re- 


TABLE 4-5 Comparison of Various Remission Induction Regimens in 


Adult ALL 
Mean Duration 
Reduction CR Rate of Remission 
Author Regimen (%) (months) 
Lister et al.76 V+P 40 
Jacquillat et al.6© V+P+DNR 73 11 
Willemze et al.22 V+P+DNR 80 17 
Gottlieb & V+P+DNR 80 17 
Weinberg** 
Gee et al.4° V+P+DNR 78 24 
Lister et al.76 V+P+DNR+LASP 71 18.5 
Gingrich et al.41 V+P+ARA—C 69 9.5 
Ruggero et al.°S = =V+P+DNR+CY 78 22 
Amadori et al.? V+P+LASP 72 
Blalock et al.!2 CY+P+DNR 89 36+ 


Abbreviations: V, vincristine; P, prednisone; DNR, daunorubicin; LASP, L-aspara- 
ginase; ARA-C, cytosine arabinoside; CY, cyclophosphamide. 
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missions were of short duration.”*-76 It was shown 
in a number of trials that the addition of daunoru- 
bicin or doxorubicin to the induction regimen in- 
creased the complete remission rate to 70%- 
80% .60.86.122 The addition of L-asparaginase to the 
vincristine and prednisone combination yielded 
similar success.” 

Cancer and Leukemia Group B (CALGB) 
showed that the addition of L-asparaginase after 
induction with vincristine and prednisone resulted 
in more long-term remissions than the simulta- 
neous administration of the three drugs or than 
vincristine and prednisone used alone.® Lister et 
al., using vincristine, prednisone, daunorubicin, 
and L-asparaginase in combination reported a 
complete remission rate of 71%.76 

The concept of early intensification has been 
sparked by the disappointing duration of remission 
in the adult population. Gee et al. reported a mean 
remission duration of 24 months with a program 
incorporating cytosine arabinoside, 6-thioguanine, 
L-asparaginase, and carmustine after induction 
with vincristine, prednisone, and daunorubicin.*° 
Trials in the pediatric population by Aur et al? 
and Muriel-Sackman et al.,96-57 using cytosine ara- 
binoside, cyclophosphamide, and methotrexate in- 
tensification, showed no improvement in remission 
duration. 

It appears safe to conclude that the approach 
to adult ALL should include intensive induction 
with vincristine, prednisone, and an anthracycline, 
with the addition of L-asparaginase soon after. An 
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example of such a regimen is shown in Table 4- 
6. The role of early and late intensification remains 
unclear. 


Maintenance 

The need for effective maintenance therapy in ALL 
is evidenced by the high relapse rates in patients 
in whom a complete marrow remission is obtained. 
Short remission durations were noted in studies 
using short intensive induction courses of chemo- 
therapy.1-6 Similarly, patients in complete remis- 
sion who discontinue therapy relapse quickly. 
The most commonly used maintenance schedule 
has been methotrexate and 6-mercaptopurine.!5 
Attempts to improve maintenance duration with 
the addition of intermittent vincristine, prednisone, 
cytosine arabinoside, and cyclophosphamide 
have not proved successful.*:382:84 Sallan et al. re- 
ported improvement in duration of remissions with 
the addition of doxorubicin to vincristine, metho- 
trexate, 6-mercaptopurine, and prednisone.!! 
However, it is too early to know whether this im- 
provement will stand the test of time. As there 
are so few patients remaining in complete remis- 
sion, the question of duration of maintenance ther- 
apy remains unanswered in adults. In children, 
it appears that therapy can safely be stopped after 
3 years of relapse-free maintenance therapy.” 


Relapse 
Hematologic relapse occurs in 70%~80% of adult 
patients with ALL in whom a complete remission 


TABLE 4-6 An Accepted Treatment Schedule for Adult ALL 


Induction 
Vincristine 2 mg iv. days 1, 8, 15 
Prednisone 40 mg/m? p.o. days 1-22 then taper 
Daunorubicin 45 mg/m? i.v. days 1, 2, 3 


L-Asparaginase 


500 units/kg i.v. days 22-32 


Central nervous system prophylaxis 
2,400 rads whole-brain irradiation after remission obtained 
Weekly intrathecal methotrexate, 10 mg/m? (maximum dose 15 mg) X 5 doses during 


central nervous system irradiation 


Maintenance 


6-Mercaptopurine 
Methotrexate 
Vincristine 


200 mg/m? p.o. X 5 days every other week 
7.5 mg/m? p.o. X 5 days every other week 
2.0 mg i.v. weekly X 2 after every third course of 6-mercaptopu- 


rine and methotrexate 


Prednisone 


40 mg/m? X 14 days with vincristine, then taper 


Omit 6-mercaptopurine and methotrexate during vincristine and prednisone treatment; 
maintenance doses should be adjusted according to peripheral counts 


Adapted from Gottleib and Weinberg V.‘4 
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is obtained.?340 Once in relapse, reinduction with 
vincristine, prednisone, anthracyclines, L-aspara- 
ginase, or cytosine arabinoside is successful in 80% 
of children and 50%-70% of adults.®126 These 
remissions are usually short, especially in patients 
having relapsed during maintenance chemo- 
therapy.12° New chemotherapeutic agents, such 
as m-AMSA, VP-16 and VM-26, are being used 
in refractory ALL with variable success.?8102-103 
High-dose therapy with either methotrexate or 
cytosine arabinoside is also being used.?%12? 


Central Nervous System Prophylaxis and 
Treatment 
With improvement in the treatment of ALL in 
children, the incidence of central nervous system 
involvement by leukemic infiltration became sig- 
nificant, occurring in 50%-60% of patients in he- 
matologic remission.*! The problem of central ner- 
vous system involvement was realized as early as 
1965, when Frei et al. of CALGB instituted intra- 
thecal methotrexate in the induction regimen for 
childhood ALL.37 This led to a series of trials 
over the years to examine the question of central 
nervous system prophylaxis. The St. Jude’s group 
showed a decrease in incidence to less than 10% 
with the institution of whole-brain irradiation ther- 
apy and intrathecal methotrexate. The same 
group showed similar results using 2400 rads cra- 
niospinal irradiation. This group and others have 
shown that the goal of central nervous system pro- 
phylaxis can be achieved with whole-brain irradia- 
tion therapy and intrathecal methotrexate, avoid- 
ing spinal irradiation, which causes bone marrow 
supression and a higher incidence of complica- 
tions.?9405881 Attempts to avoid central nervous 
system disease by incorporating drugs that cross 
the blood-brain barrier have been ineffective. 
The problem of central nervous system leu- 
kemia was observed in the adult population as 
well, with an incidence of at least 40%-50%.” 
Omura et al. showed that 2400 rads whole-brain 
radiotherapy combined with five doses of intrathe- 
cal methotrexate in doses of 10 mg/m? (15 mg 
maximum dose) decreased central nervous system 
incidence from 11/34 in an untreated group to 
3/28 in a treated group.’ Unfortunately, no differ- 
ence in the duration of hematologic remission nor 
survival could be seen between the two groups. 
The Lz protocol series from Memorial Hospital, 
which incorporated intrathecal methotrexate with- 
out radiotherapy, had a 66% incidence of central 
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nervous system disease in patients with white 
counts above 25,000/mm3.*° It seems that the 
combination of whole-brain radiotherapy and in- 
trathecal methotrexate should be advocated at this 
time. Investigations into intraventricular drug de- 
livery via Ommaya reservoir are currently under 
way. 

In patients with documented central nervous 
system leukemia, treatment is approached by a 
combination of radiotherapy and intrathecal 
methotrexate or cytoxine arabinoside.5? Clinical 
presentation of central nervous system leukemia 
is variable. Cranial nerve palsies are common due 
to leukemic infiltration of nerve sheaths at presen- 
tation. Diagnosis depends on cytologic examina- 
tion of cytocentrifuge preparations of cerebrospi- 
nal fiuid.27 The CNS relapse rates are high in 
patients in whom intrathecal therapy is discontin- 
ued once central nervous system relapse has 
occurred.*® 


New Approaches to ALL 


Despite advances in remission induction rates, the 
ability to cure ALL with conventional chemother- 
apy in the majority of adults remains elusive. New 
approaches have emerged to improve results in 
these patients. 


Bone Marrow Transplantation 

Bone marrow transplantation of 22 patients with 
HLA-compatible donors, aged 4-22 years, in sec- 
ond or subsequent remission, has resulted in long- 
term survival:19 50% remain in remission at 15- 
35 months after transplant. Only 18% of those 
transplanted in relapse have survived. Therefore, 
it appears that transplant of patients in second 
or subsequent remission is preferable to transplant 
once disease is refractory. When transplantation 
was compared with conventional chemotherapy 
in patients in second or subsequent remission, 11 
of 24 of the transplanted group remained disease 
free at 17-55 months, whereas only 1 child of 
21 treated with conventional chemotherapy re- 
mained in remission for more than 2 years.® Cer- 
tainly, bone marrow transplantation is not availa- 
ble for all patients. However, if available, one 
should screen family members for HLA-compati- 
ble donors and should consider transplant for pa- 
tients under 30 years old during second remission 
or possibly in first remission if they have “high- 
risk”’ disease (i.e., a high white count at presenta- 
tion, and null, B, or T cell disease).1® 
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Serotherapy and Specific Therapy 

With the expansion of immunologic techniques 
and subtyping of ALL, passive serotherapy with 
anti-CALLA antibodies has been attempted in 
patients with CALLA-positive ALL. Initial re- 
sponses have been noted; however, these have 
been very short lived.1°! The role of immunologic 
manipulation in the therapy of ALL remains 
experimental and speculative.® Finally, spe- 
cific selective therapy has been reported with 
2-deoxycoformycin, an inhibitor of adenosine de- 
aminase in a patient with T cell ALL.® 


Outlook 


ALL remains a fatal disease in 70%-80% of af- 
fected adults. It has been seen that the favorable 
results in adult ALL have more or less been con- 
fined to adolescents and young adults, with the 
“older” population faring less well. 

The challenges seem clear. The role of both 
early and late intensification requires further 
study. Furthermore, more precise designations of 
poor prognostic signs need to be made in the adult 
population so that more intensive treatment may 
be attempted. The immunologic approach to ther- 
apy is in its infancy and clearly needs development. 
It is hoped that these advances will come quickly 
and improvement in long-term survival will be re- 
alized. 


Chronic Lymphocytic Leukemia 


Chronic lymphocytic leukemia (CLL) was de- 
scribed by Dameshek as “‘an accumulative disease 
of immunologically incompetent lymphocytes.”6 
This concise definition describes the majority of 
patients with CLL, who present with physical find- 
ings and laboratory data that are consistent with 
Dameshek’s theory. CLL is a disease of older per- 
sons: less than 10% of patients present before the 
age of 50 years. Men are about two times as likely 
to develop CLL as are women.”® As in all forms 
of leukemia, CLL is more common in the white 
than in the black population.?4 

The diagnosis of CLL is based on the minimal 
requirement of an absolute and sustained lympho- 
cytosis in the peripheral blood of no less than 
15,000 cells/mm3. The bone marrow is hypercellu- 
lar and more than 40% of the cells are lympho- 
cytes. The lymphocytes in peripheral blood and 
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marrow are of the small, well-differentiated type 
(Figure 4-4). Slowly enlarging lymph nodes and 
gradual enlargement of the liver and spleen due 
to the accumulation of neoplastic lymphocytes 
may occur early or late in the course of the disease. 
The immunologic incompetence of the expanding 
lymphocyte population expresses itself in hypo- 
gammaglobulinemia with predisposition to infec- 
tions, and in the emergence of such autoimmune 
phenomena as the production of antibodies against 
host red blood cells. 


Biology 


Lymphocytes in Chronic Lymphocytic Leukemia 
CLL primarily represents a clonal proliferation 
of B lymphocytes (Figure 4-2). The malignant 
cells have immunoglobulin molecules on their sur- 
faces bearing the same idiotype and light chain 
type. The most common surface immunoglobulins 
are IgM and IgD. The finding of two heavy chain 
classes does not preclude the concept of monoclon- 
ality, as the IgD and IgM have the same idiotype 
specificity and presumably reflect a stage of differ- 
entiation of normal B lymphocytes.3949 CLL lym- 
phocytes also express the Ia antigen, the receptor 
for C’3, and the receptor for the Fc portion of 
immunoglobulin.28-195-128 

Studies of the clonal origin of CLL have used 
glucose-6-phosphate dehydrogenase (G6PD) as a 
marker in patients who are heterozygous at this 
locus. Skin tissue from these patients manifested 
both A and B G6PD types. However, as one would 
predict, the CLL B lymphocytes manifested only 
one type of G6PD. In contrast to the neoplastic 
B lymphocytes, the T lymphocytes, granulocytes, 
erythrocytes, and platelets displayed both enzyme 
types in proportions similar to those found in skin. 
These findings indicate that CLL involves only 
committed B lymphocyte progenitors. This is in 
contrast to chronic myelgenous leukemia, in which 
similar studies have shown that a multipotent mar- 
row stem cell is affected, with expression of one 
type of G6PD in granulocytes, erythrocytes, plate- 
lets, and some lymphocytes.®? 

About 1% of patients with CLL demonstrate 
predominantly T lymphocytes in their peripheral 
blood. These lymphocytes form rosettes with sheep 
red blood cells and do not bear surface 
immunoglobulin.1!° The T cell form of CLL ap- 
pears to carry a poorer prognosis than the B cell 
type. Skin involvement is seen frequently in these 
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patients and standard forms of therapy for CLL 
are less effective.1?° 


Etiology 

The etiology of CLL is unknown. There are famil- 
ial clusterings of CLL, but no firm genetic basis 
for the disease has been found.'*5° Exposure to 
radiation or other potentially mutagenic agents 
such as alkylating agents does not appear to predis- 
pose to CLL. Consistent chromosomal abnormali- 
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FIGURE 44 Morphology of chronic lymphocytic 
leukemia: peripheral blood and bone marrow. (a) Pe- 
ripheral blood smear showing predominance of 
small, well-differentiated lymphocytes. <750. (b) 
Bone marrow biopsy showing a nodular aggregate 
of neoplastic cells. The pattern may also be one of 
diffuse lymphocytic infiltration interspersed with 
normal marrow, or it may be one of solid replacement 
with sheets of neoplastic lymphocytes. 150. (c) 
High-power photomicrograph of a bone marrow 
biopsy showing the uniform small size of the leu- 
kemic cells with the typical “checkerboard” chro- 
matin pattern of the nuclei. X320. 


ties are not found. To date, there have been no 
convincing data to support a viral etiology for 
CLL. 


Clinical Staging 


Rai System 

A major contribution to understanding the natural 
history of CLL is the clinical staging system de- 
vised by Rai et al.% In this system a patient is 
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TABLE 4-7 Rai Criteria for Clinical Staging of CLL at the Time of Diagnosis 


Stage 


Definition 


0 Lymphocytosis alone 


Absolute lymphocytosis of 15,000/mm in peripheral blood 


40% marrow lymphocytosis 


I Lymphocytosis and enlarged lymph nodes 

II Lymphocytosis and splenomegaly, hepatomegaly, or both 

III Lymphocytosis and anemia: hemoglobin <11 g/dl or hematocrit <33% 
Lymphadenopathy or hepatosplenomegaly not required 
Nature of anemia not specified 

IV Lymphocytosis and thrombocytopenia: platelet count <100,000/mm? 


Anemia not required 


Lymphadenopathy or hepatosplenomegaly not required 
Nature of thrombocytopenia not specified 


Adapted from Rai et al.9¢ 


assigned to a stage at the time of diagnosis. The 
prognosis for that patient is related to the stage 
of disease at presentation. The stages of the disease 
reflect Dameshek’s concept of the “accumulative” 
nature of CLL. Stage 0 is lymphocytosis alone. 
Stages I and II reflect increasing tumor mass with 
lymphocytosis and lymphadenopathy (stage I) 
and/or hepatosplenomegaly (stage II). Anemia 
and thrombocytopenia, which characterize the 
more advanced stages III and IV, also primarily 
reflect tumor mass, with bone marrow replacement 
leading to decreased normal hematopoiesis and 
splenomegaly contributing to decreased red blood 
cell and platelet survival.12! The staging system 
is outlined in more detail in Table 4-7. 

The Rai staging system has been applied pro- 
spectively to a large series of patients. As seen 
in Table 4-8, the majority of patients are in stage 
I or II at the time of diagnosis. In the Rai et al. 
group of 125 patients studied both retrospectively 
and prospectively, 54.4% were in stage I or II;% 
in a prospective group of 196 patients reported 
by Binet et al., 57.6% were in stage I or II.1° 

The application of the Rai staging system has 
contributed to an improved understanding of the 


TABLE 4-8 Clinical Stage at Diag- 
nosis of CLL 


Rai et al.%* —_ Binet et al.1° 
Stage (N= 125) (N = 196) 
0 17.6 25.0 
I 23.2 29.6 
II 31.2 28.0 
III 16.8 8.1 
IV 11.2 9.6 


natural history of CLL by defining the effect of 
clinical stage on survival. The median duration 
of survival from the time of diagnosis of 125 pa- 
tients studied by Rai et al.9° is plotted in Figure 
4-5. The overall median survival was 71 months 
for the entire group. However, the survival was 
dependant on the clinical stage. The patients in 
stage O had the best survival, with only 4 of 22 
patients dead at 144 months. The median survival 
for stage I patients was 101 months; for stage II 
patients it was 71 months. Patients in stages III 
and IV had an identical median survival of 19 


Percent surviving 


{ 4 1 


i i 
O 24 48 72 96 120 144 168 192 216 


Months from diagnosis 


FIGURE 4-5 Median survival from time of diagnosis 
of 125 patients staged by the Rai criteria. Stage 0, N 
= 22 patients; I, N = 29; II, N = 39; II], N = 21; 
IV, N = 14. (Adapted from Rai et al.9°) 
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months. Survival according to sex was not different 
when adjusted for stage and patient age. Moreover, 
survival according to age at diagnosis was not an 
independent factor when adjusted for stage and 
sex.9°° When the Rai staging criteria were applied 
to two other large series of patients, the survival 
curves by stage at diagnosis were comparable to 
those shown in Figure 4-5.1753 Subsequently, 
other series of patients have been studied by these 
criteria and the validity of predicting survival in 
CLL by stage has been confirmed.9192-109 


International Workshop on CLL System 
A new staging system was proposed recently by 
the International Workshop on CLL. This sys- 
tem is basically a revision of the Rai system and 
has the advantage of using fewer clinical groups. 
In addition, the revised system does not consider 
isolated splenomegaly or hepatomegaly as a sepa- 
rate stage, but considers organ enlargement in a 
setting of all areas of lymphatic involvement. Clini- 
cal enlargement of the spleen, the liver, and lymph 
nodes in the cervical, axillary, and inguinal regions 
is considered. Each of these five anatomic regions 
is considered as one “‘area”’ of involvement. The 
International Workshop on CLL recommends that 
the revised classification be integrated with the 
Rai system. The revised system is shown in Table 
4-9. When this system is integrated with the Rai 
system, a patient is staged according to Table 
4-10. Combining both systems allows the natural 
history and response to therapy of the subsets to 
be more accurately studied. 

The median survival of a large group of patients 


TABLE 4-9 Revised Classification Proposed by the 
International Workshop on CLL 


Clinical Stage Definition 


A No anemia or thrombocytopenia; 
less than three areas of lymphoid 
enlargement 

B No anemia or thrombocytopenia; 
three or more areas of lymphoid 
enlargement 

Cc Anemia and/or thrombocytopenia; 
zero to five areas of lymphoid en- 
largement 


From Binet et al.!! 

@ The spleen, the liver, and the cervical, axillary, or inguinal 
nodes constitute the five areas of possible lymphoid enlarge- 
ment. 
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TABLE 4-10 Staging of CLL Using Both the Rai Sys- 
tem and the Revised System of the International Work- 
shop on CLL 


Revised System ¢ Rai System? Patient Stage 


A O A(O) 
A I A(D) 
A II A(II) 
B I B(]) 
B II B(ID) 
Cc Ill C(I) 
Cc IV C(IV) 


@ See Table 4-9. 
> See Table 4-7. 


studied prospectively by Binet et al. using the re- 
vised system is shown in Figure 4-6.1° At 40 
months, the median survival of patients in stage 
A was 92%, stage B 62%, and stage C less than 
20%. The revised system reconfirms the value of 
the clinical stage of the patient in predicting sur- 
vival in CLL. 


Correlation of Clinical Stage with Other Features 
A major goal of the prognostic staging systems 
described above is to increase our understanding 
of the basic biology of CLL. It can be assumed 
that stages 0-II (Rai system, Table 4-7), or stages 
A-B (revised system, Table 4-9), represent early 
disease and stages III-IV, or stage C, represent 
late disease. Early in the disease, serum immuno- 
globulins may be normal but they decrease pro- 
gressively with stage.33 Bone marrow biopsy pat- 
terns appear to mirror the progression of 
disease.7>106 Early in the disease the infiltration 
is interstitial, with some degree of replacement of 
normal hematopoietic tissue by mature lympho- 
cytes. The pattern may progress with clinical stage 
to become nodular, and finally diffuse, with mas- 
sive replacement of normal hematopoietic tissue 
as well as fat cells. Further investigation of this 
type of progression of immunologic and morpho- 
logic events will lead to increased insight into the 
etiology of CLL. Eventually, this may allow earlier 
therapeutic intervention to alter the course of the 
disease. 


Immune Disorders 


CLL is primarily a disorder of the B lymphocytes, 
the lymphocytes that govern the humoral immune 
response. It is not surprising, therefore, that CLL 


4. Acute and Chronic Lymphocytic Leukemia 


FIGURE 4-6 Median survival 
from time of diagnosis of 196 
patients staged by criteria of In- 
ternational Workshop on CLL. 
Stage A, N = 102 patients; B, 
N = 67; C, N = 27. (Adapted 
from Binet et al.!°) 


Percent surviving 


may be accompanied by disruption in the normal 
synthesis or function of immunoglobulins. 


Autoimmune Hemolytic Anemia 

Approximately 20%-30% of patients with CLL 
demonstrate autoantibodies against red blood 
cells.7°93.104 Tn most of these patients, this results 
in minimal or no hemolysis, or a compensated 
hemolytic anemia. Most commonly, the antibody 
is of the IgG type and does not fix complement. 
In a minority of patients, the hemolytic anemia 
requires therapeutic intervention with corticoste- 
roids and, less commonly, splenectomy. Treatment 
of the underlying disease with an alkylating agent 
such as chlorambucil may not result in remission 
of the hemolytic process. A unique approach using 
plasmapheresis and immunoabsorption with pro- 
tein A has been described. Protein A is a staphylo- 
coccal cell wall constituent which binds the Fc 
portion of IgG. The patient reported demonstrated 
a rapid clinical recovery after this novel approach.® 


Autoimmune Thrombocytopenic Purpura 

Thrombocytopenia in CLL may be caused by three 
factors, alone or in combination. There may be 
decreased platelet production due to massive bone 
marrow replacement by neoplastic lymphocytes. 
Second, splenic enlargement with platelet seques- 
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12 16 


20 24 28 


Months from diagnosis 


tration may lead to decreased platelet survival. 
Third, autoantibodies directed against platelets 
may contribute to decreased platelet survival.!°7 
It is important to recognize the third “autoim- 
mune”’ cause of thrombocytopenia, as the therapy 
and prognosis are different from thrombocytope- 
nia due to infiltrative disease. For example, a pa- 
tient assigned to stage IV (Rai system) because 
of thrombocytopenia due to immune destruction 
has a better prognosis than a patient in the same 
stage who has other causes for the thrombocytope- 
nia. If a reliable test for antiplatelet antibodies is 
available, this may aid the clinician in differentiat- 
ing the cause of the thrombocytopenia. Cortico- 
steroids and/or splenectomy are the treatment of 
choice in this setting. 


Disorders of Immunoglobulin Synthesis 
Approximately 5% of patients with CLL demon- 
strate a monoclonal gammopathy by serum protein 
electrophoresis. The monoclonal peaks usually do 
not exceed 2 g/dl and may be either IgG or IgM. 
The monoclonal protein is rarely of clinical impor- 
tance unless it is a cold agglutinin or, equally 
rarely, a cryoglobulin (1). 

More commonly in CLL, hypogammaglobu- 
linemia is found. Serum immunoglobulins may be 
normal early in the disease but fall to low levels 
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in the later stages. In one series of 48 cases, IgA 
was most frequently depressed (75% of all cases), 
IgM was depressed in 63% of the cases, and IgG 
was low in 17%.33 The major clinical consequence 
of this acquired hypogammaglobulinemia is in- 
creased susceptibility to bacterial infection. There 
is no evidence to suggest that prophylactic gamma 
globulin is useful in preventing infection in this 
setting. 


Therapy 


Unlike the dynamic and exciting approach to the 
treatment of patients with ALL, the approach to 
treatment of patients with CLL has been, appropri- 
ately, an indolent one. Radiotherapy and chemo- 
therapy are both active modalities in CLL treat- 
ment. The concept that treatment did improve 
symptoms but did not improve survival in CLL 
was introduced in 1924 by Minot and Isaacs.® 
Over 50 years later, there was little evidence to 
contradict this concept.57-445 

A major contribution to more recent studies 
of response to therapy in CLL is the Rai staging 
system and the revised system of Binet (Tables 
4-7 and 4-9). The concept that patients with stage 
Q-II disease have a much longer survival than pa- 
tients with stage III-IV disease opens up a new 
arena for designing adequate protocols to study 
the effects of treatment on survival.1!7 


Chemotherapy 

Chemotherapy is the most common treatment for 
patients with CLL. Alkylating agents such as chlo- 
rambucil have long been the cornerstone of the 
chemotherapeutic approach. Lymphocytes are 
particularly susceptible to alkylating agents, and 
alkylating agents are well suited to a disease such 
as CLL because they are cell-cycle nonspecific. 
As such, they are toxic to the neoplastic lympho- 
cytes without requiring these long-lived, slowly 
proliferating cells to be in a rapid growth phase. 
Additionally, alkylating agents are suitable for in- 
termittent or “pulse” therapy for CLL. In such 
a program, normal marrow cells have an opportu- 
nity to recover from the toxic exposure long before 
the regeneration of the slowly proliferating neo- 
plastic lymphocytes. 

In 1971, CALGB instituted a randomized che- 
motherapy protocol to study patients with stage 
III and IV CLL.1¥ The three protocol arms were 
high-dose intermittent chlorambucil and predni- 
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sone, low-dose continuous chlorambucil and pred- 
nisone, and prednisone alone. Corticosteroids may 
be therapeutic in CLL for two reasons: First, they 
may cause rapid regression of lymphoid tissue.9° 
Furthermore, patients with stage III and IV dis- 
ease may have an autoimmune component to the 
anemia or thrombocytopenia and corticosteroids 
may be beneficial in this setting. 

Ninety-six patients were studied in the CALGB 
study. The “prednisone alone” arm was discontin- 
ued when 75% of the patients failed therapy within 
7 months. Failure was described as any one of 
the following conditions: (a) no evident benefit 
from therapy without progression of disease after 
4 months; (b) appearance of localized disease re- 
quiring radiotherapy; (c) relapsing disease unre- 
sponsive to increased drug dose; or (d) drug toxic- 
ity that precluded further drug usage. 

The two chlorambucil arms were then com- 
pared by a number of parameters. As can be seen 
from the results presented in Table 4-11, there 
was no significant difference in remission induction 
or in median survival between the two chlorambu- 
cil-based arms. In addition, the hematologic, gas- 
trointestinal, and infectious complications were 
not significantly difference between the two arms. 
Patients who responded to either therapy were the 
ones who eventually became the longer survivors 
of the disease. 

Our present recommendation for patients with 
stage III or IV CLL is that they should be treated 
with chemotherapy. We favor intermittent chlo- 
rambucil. In elderly patients, 6 weeks of predni- 
sone “induction” may be poorly tolerated, so we 
recommend individualization of the corticosteroid 
regimen. There has been no satisfactory program 
developed for patients who become resistant to 
standard alkylating agent therapy, although pro- 
grams of combined chemotherapy have been used 
with some success.7#92 

There is no standard approach to the treatment 
of patients with stage O-II disease. In the absence 
of convincing evidence that treatment prolongs 
survival in this group of patients, we recommend 
treating these patients conservatively for control 
of symptoms with local radiotherapy or with short 
courses of chlorambucil alone or with corticoste- 
roids. 


Radiotherapy 
Radiotherapy has been a mainstay of treatment 
for CLL since it was first reported in 1924.85 
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TABLE 4-11 Results of CALGB Randomized Protocol Comparing 
Intermittent Versus Daily Chlorambucil and Prednisone in Stage ITI- 
IV CLL 


Daily Intermittent 
Results Chlorambucil? Chlorambucil® 

Complete remission (%) 12.8 8.9 
Partial remission (%) 25.6 39 
Complete + partial remission (%) 38 47 
Median time to failure (months): 7 16¢ 
Median survival from 

onset of protocol (months) 21 37¢ 


Adapted from Sawitsky et al.1!3 

@ Chlorambucil, 0.08 mg/kg p.o. daily with prednisone induction (0.8 mg/kg/ 
day X 2 weeks, 0.4 mg/kg/day X 2 weeks, 0.2 mg/kg/day X 2 weeks) followed 
by prednisone maintenance, 0.5 mg/kg/day X 7 days every 28 days. Chlorambucil 
dose modified by 0.02 mg/kg/day increments as needed. 

> Chlorambucil, 0.4 mg/kg p.o. every 28 days with prednisone induction and 
maintenance as above. Chlorambucil dose modified by 0.2 mg/kg/dose as needed. 
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¢ Difference not significant. 


Splenic irradiation is the most common method 
employed. This not only results in shrinkage of 
the spleen, but also allows for radiation to large 
quantities of lymphocytes in the blood as it per- 
fuses the spleen. Controlled studies comparing 
splenic radiotherapy and chemotherapy in stage- 
matched patients have not been performed. Pallia- 
tive radiotherapy to areas of symptomatic disease 
(e.g., mediastinal nodes causing bronchial obstruc- 
tion, disfiguring cervical nodes, etc.) can be ex- 
tremely useful during the course of the disease. 

Mediastinal (or thymic) radiotherapy as pri- 
mary treatment for patients with CLL was origi- 
nally reported as yielding good results with only 
mild toxicity.°® However, a similar study under- 
taken by CALGB demonstrated only modest ther- 
apeutic effectiveness and, more importantly, a high 
incidence of severe toxicity and treatment-associ- 
ated deaths.1!2 

Total-body irradiation has been used in patients 
with CLL. A group of 42 patients was treated 
with total-body irradiation by Johnson at the Na- 
tional Cancer Instutute.64 He reported 33% com- 
plete responders and 55% partial responders. 
These results are most encouraging. Late follow- 
up of these patients will be very important before 
total-body irradiation is recommended as a stan- 
dard procedure for CLL. 


Leukopheresis 
Therapeutic leukopheresis has been attempted in 
patients with CLL. Although there may be a tem- 


porary decrease in the white blood cell count and 
a decrease in organ enlargement, it is not an effec- 
tive method for long-term management.‘? 


Course of the Disease 


Except for the unusual patient who obtains a com- 
plete remission with chemotherapy or radiother- 
apy, the course of CLL is marked by initial im- 
provement but not disappearance in signs and 
symptoms of the disease with therapy. It is rare 
to obtain a remission of the immunologic abnor- 
malities with therapy. In particular, the acquired 
hypogammaglobulinemia usually persists from its 
onset to the death of the patient, and bacterial 
infection is the major cause of death in CLL. 

The course of CLL is usually one of gradual 
progression. A “blast phase,” such as occurs in 
chronic granulocytic leukemia, does not occur. 
Acute leukemia has been reported as a complica- 
tion following the use of alkylating agents for other 
hematologic diseases, e.g., polycythemia vera and 
multiple myeloma.”*’ It is intriguing that acute 
leukemia has only rarely been reported as a termi- 
nal event in CLL despite the prolonged use of 
alkylating agents and radiotherapy. 

A small group of patients with CLL have been 
described who develop an aggressive lymphoma 
late in the course of their disease. This association 
is termed “Richter’s syndrome” after the author 
who reported the first case in 1928.1 The lym- 
phoma is usually diffuse histiocytic lymphoma, but 
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Hodgkin’s disease has also been described. De- 
tailed immunologic studies have been performed 
on only a small fraction of these patients. The 
results suggest that, at least in some of the cases, 
the lymphoma may not represent the emergence 
of a second malignant clone but may actually be 
related to the initial B ceil CLL. 
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CHAPTER 5 


Philadelphia Chromosome-Positive 
Chronic Myelogenous Leukemia: 
Diagnosis and Treatment 


Zalmen A. Arlin 


Chronic myelogenous leukemia (CML) is a pri- 
mary disorder of the bone marrow that leads to 
expansion of the granulocytic series, less com- 
monly the megakaryocytic series, and infrequently 
the erythroid cells. As a result of the expansion 
of the elements of each of these series, characteris- 
tic signs and symptoms occur (see below). The 
disease has two distinct phases: one, in which es- 
sentially “normal” differentiation occurs, can be 
readily controlled by many chemotherapeutic 
agents; and an acute phase, which usually results 
in limited survival and cannot be readily con- 
trolled. In general, the disease is associated with 
a specific chromosonal abnormality, and studies 
of this have lead to a greater understanding of 
how CML evolves. CML is distinguished easily 
from acute granulocytic leukemia when the former 
is in the chronic phase. However, it may be indis- 
tinguishable from the latter when the disease pre- 
sents as an acute leukemia.?*! This chapter is a 
review of the clinical characteristics of the disor- 
der, the studies of the Philadelphia chromosome 
(Ph) that yield information about the nature of 
the disease, and the therapeutic options that are 
currently available. 


Clinical Manifestations 


The clinical manifestations of CML are well 
known. The disease occurs in both children and 
adults, but the median age of most large series 
is in the 50-60 year old age group, indicating a 
propensity for older patients. The clinical course 
is independent of age and both younger and older 
patients can expect similar signs, symptoms, and 


survival.8 Unlike acute leukemia, in which the sud- 
den appearance of infection or bleeding may be 
a prominent feature, patients with CML gradually 
develop nonspecific symptoms, including weak- 
ness, fatigue, bone pain, sweating, fever, and 
weight loss. Commonly, when patients are first 
seen, it is difficult for them to pinpoint when symp- 
toms first appeared. With increasing frequency, 
patients in the United States are now diagnosed 
without any symptoms. The diagnosis is suspected 
on the basis of finding either an enlarged spleen 
on a routine physical exam, or an abnormally ele- 
vated white blood count during the course of either 
elective surgery or routine examination of blood 
counts. 

On physical examination, the most common 
finding is the presence of an enlarged spleen and, 
less commonly, an enlarged liver. Generally, in- 
creased sternal tenderness may be found, and al- 
though historically considered an important physi- 
cal finding, it does not carry the same weight as 
the more significant laboratory studies that can 
now be performed. Other physical signs are less 
commonly seen. Retinal hemorrhages may be 
found, but the finding of ecchymosis over the ex- 
tremities is infrequent. Significant hemorrhage is 
uncommon in patients with CML who have not 
experienced traumatic injury. In instances of sur- 
gery, bleeding may be prominent, but the coagu- 
lopathy found in CML is generally not so signifi- 
cant that spontaneous bleeding occurs (see below). 


The spleen may become very enlarged and fill the 


entire left side of the abdomen. If this occurs, it 
may outgrow its blood supply, and splenic infarcts 
leading to severe splenic pain and tenderness may 
also supervene. Spontaneous rupture of the spleen 
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is extremely infrequent. By simple mechanical fac- 
tors, an enlarged spleen of this degree may lead 
to diminished food intake and weight loss. En- 
larged lymph nodes are extremely uncommon in 
chronic phase CML. More commonly, this occurs 
in CML when there is acceleration of the disease 
or during the terminal phase.*? 

Although the symptoms that have been de- 
scribed may appear gradually over a period of 
months, in general they disappear quite rapidly 
once treatment begins. It is quite remarkable that 
although a true remission of the disease (see below) 
rarely occurs, control of the disease is compatible 
with achieving a normal functional state that may 
last for many years. 


Laboratory Findings 


The most important laboratory abnormalities seen 
are hematologic in nature and are summarized 
in Table 5-1. In the peripheral blood, an increase 
in the granulocytic series is the most commonly 
found abnormality, and, in general, at the time 
of presentation the white count is above 100 
108/d]. Some patients may be seen with white 
counts as high as 500 X 108/dl or more. Similarly, 
some patients may be seen with a white count 
of less than 20 X 108/dl and occasionally the white 
count may fluctuate in a cyclical pattern.2%47,75 


TABLE 5-1 Hematologic Findings in Chronic Phase 
CML 
Finding Mean Range 
Hemoglobin (g/dl) 9.7 5.4-14.4 
Platelets (< 108/dl) 485 24-1400 
Leukocytes (< 108/dl) 205 20-622 
Peripheral Bone 
Cells Blood (%) Marrow (%) 
Neutrophils 53 42 
Metamyelocytes 8 22 
Myelocytes 23 19 
Promyelocytes 3 4 
Blasts 2 3 
Basophils 3 _— 
Eosinophils 3 _— 
Lymphocytes 3 2 
Monocytes 2 2 
Erythroblasts — 6 


Blood findings are from Spiers et al.85 and bone marrow findings 
from unpublished data. 
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Examination of the peripheral blood smear reveals 
the entire spectrum of differentiation of the mye- 
loid series from blasts to mature neutrophils. Usu- 
ally less than 3% of the cells are blasts. If more 
than 3% blasts are seen, this may be an unfavor- 
able sign and herald the onset of the accelerated 
phase of the disease. Eosinophils and basophils 
are occasionally seen, and occasionally both cells 
may represent a significant proportion of the circu- 
lating granulocytes. It has been suggested in some 
reports that basophilia may also herald the onset 
of the accelerated phase of the disease. 17:86 

The hemoglobin usually ranges from 9 to 10 
g/dl. If the hemoglobin is lower, causes such as 
hypersplenism, bleeding, and accelerated phase of 
the disease should be considered. The platelet 
count, in general, is elevated and may occasionally 
reach values as high as 3000-4000 x 109/dl/m. 
Severe thrombocytosis of this degree may be found 
at the time of diagnosis, but more frequently it 
is seen after splenectomy or as the disease evolves 
into a more aggressive phase. Thrombocytosis may 
represent one of the more difficult therapeutic 
problems in CML. The bone marrow is usually 
hypercellular, with preservation of few fat spaces. 
It is important to note the high myeloid to eryth- 
roid ratio, frequently as high as 20 to 1, as opposed 
to the more normal 3-4 to 1. The blast percentage 
is most often less than 3%. As in the case of the 
peripheral blood findings, a higher value may be 
associated with more aggressive disease. 

Numerous functional abnormalities of both 
white cells and platelets have been described, but 
in general this does not translate into a higher 
incidence of infection or spontaneous bleeding. 
The prothrombin time and partial thromboplastin 
time, in general, are normal. Recently, a deficiency 
of factor V has been noted in patients with chronic 
phase CML.*” When this occurs, prolongation of 
both the prothrombin time and partial prothrom- 
bin time may be found. An explanation for the 
occurrence of this abnormality remains unclear. 

Classically, a low leukocyte alkyline phospha- 
tase (LAP) level has been used as a specific means 
of separating CML from a leukemoid reaction and 
from other myeloproliferative disorders; in gen- 
eral, this is a typical finding in chronic phase 
CML.® However, patients may be found in whom 
the LAP score is normal, and it has been suggested 
that a rising LAP score in patients with proven 
CML may reflect an acceleration of the disease 
and transformation to an acute leukemia.®¢ 
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Similarly, high levels of serum By2 and elevated, 
unsaturated By. binding capacity are usually 
seen.!?. Since this reflects an elevated transcobala- 
min I, which is produced in the granulocytes, this 
does not offer a more sensitive means of monitoring 
the disease than monitoring the blood counts. The 
presence of the Ph! is the most important single 
finding establishing and confirming the diagnosis 
of CML in a patient with an elevated white blood 
count and the findings noted above. The Ph! is 
present in the majority of patients with CML, and 
in individual patients 100% of the bone marrow 
or peripheral blood metaphases that are examined 
are usually Ph! positive (Ph!+). 


Philadelphia Chromosome 


The Ph! was first described in 1960.58 At that time 
it was felt to be a deletion of the long arm of 
chromosome 21. Subsequently, it was shown that 
the abnormality actually involved a change in 
chromosome 22. It was at that time thought to 
be specific for CML, but since then it has been 
described in related myeloproliferative disorders 
and in acute leukemias. Although many investiga- 
tors believe that the Ph! is thus no longer specific 
for CML,54°-62 careful examination of the other 
disorders in which it is found suggests that these 
diseases may all be related and originate in the 
transformation of a common pleuripotential hema- 
topoietic stem cell. Until 1973, it was believed that 
the material from chromosome 22 was lost from 
the cell. With the development of banding tech- 
niques, studies by Rowley indicated that the previ- 
ously described deletion of chromosome 22 was, 
in fact, a translocation from the long arm of chro- 
mosome 22 to the long arm of chromosome 9.°7 
This raised the question of whether it was the 
disruption of chromosome 22 and the loss of part 
of its genetic material that led to CML, or whether 
it was the acquisition of extra genetic material 
by chromosome 9 that led to the disease. Subse- 
quent studies have shown that many other translo- 
cations are seen. In all, the common feature is 
the translocation of the long arm of 22 to another 
chromosome, thus indicating the crucial impor- 
tance of the break in the long arm of 22. Occasion- 
ally, complicated translocations involving three or 
more chromosomes have been described, and in 
all these cases, a translocation from chromosome 
22 is always seen. These unusual and complicated 


translocations represent approximately 10% of the 
patients with Phi+ CML.?’ Thus far, no clinical 
significance appears to be associated with the 
nature of the translocation encountered (Figure 
5—-1)7282 

The Ph! is found in myeloid, erythroid, and 
megakaryocyte*! cells. In patients with chronic 
phase CML, lymphoid cells stimulated to cell divi- 
sion by commonly used mitogens do not contain 
the Ph!. However, the Ph! can be found in approxi- 
mately 20%-30% of cases of blastic transforma- 
tion of CML, in which the cells generally have 
lymphoid morphology, react with common acute 
lymphoblastic leukemia (ALL) antigen, and con- 
tain terminal deoxynucleotidyl transferase. Al- 
though generally these cells have proved to be 
“null” by conventional surface marker phenotypic 
studies, cases have recently been reported in which 
the cells form rosettes with sheep red blood cells, 
thus indicating that occasionally these T cells may 
be also involved.*4 In other cases with lymphoid 
morphology, it has been demonstrated that the 
cells contain intracytoplasmic immunoglobulin 
and are therefore felt to be pre-B cells.4® Studies 
by Fialkow et al., using the system developed in 
glucose-6-phosphate dehydrogenase (G6PD) het- 
erozygotes, suggested that T cells in general do 
not participate in the leukemic population, as evi- 
denced by their nonclonal nature in these 
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TABLE 5-2 Cytogenetic Studies During Chemotherapy in a 45,X/46,XX Mosaic 
Ph? Chromosome Status Chromosome Numbers 
Status of in Bone Marrow 

Chemotherapy (no. positive/total) 45,X,Pht— 45,X,Phi+ 46,XX,Ph!— Total 
Prior to DAT,* cycle 1! 30/30 0 15 0 15 
Prior to DAT, cycle 2 5/30 4 4 12 20 
Prior to DAT, cycle 3 3/30 2 3 13 18 
Prior to maintenance 1/30 0 0 9 9 


Adapted from Chaganti et al.® 


® DAT: daunorubicin with cytosine arabinoxide, and 6-thioguanine. 


patients.22324 This was recently confirmed by 
Kearney et al.4¢ They stimulated the peripheral 
blood T lymphocytes from a patient with CML 
and noted the absence of the Pht. They further 
suggested that some B cells probably do participate 
in the leukemic process, as evidenced by their clon- 
ality. The bone marrow fibroblasts are not partici- 
pants in the clone.*? Thus, bone marrow fibrosis, 
which is frequently seen in the latter stages of 
the disease, is thought to be reactive rather than 
a derivative of the malignant population. 

At time of diagnosis, virtually all the meta- 
phases examined in either the peripheral blood 
or the bone marrow contain the Ph‘. In a small 
minority of patients both Ph!+ and Ph?-negative 
(Ph!—) cells may be seen.*267° The presence of 
Ph!— cells in this small group of patients may 
have clinical significance, since it has been sug- 
gested that patients with some Ph!~— cells have 
an improved survival over those who are entirely 
Ph!+. Of greater significance is the possibility that 
these may represent normal residual hematopoietic 
cells that may serve as a reservoir to repopulate 
bone marrow after effective treatment of leukemic 
cells has taken place. 

Considerable controversy previously existed 
with respect to the nature of the Ph!— cells. Early 
studies by Singer et al.78 suggested that the Ph1— 
cells are probably also participants in the malig- 
nant process. This is suggested by their studies 
of the G6PD isoenzyme system, which demon- 
strated the same isoenzyme in the Ph'— cells as 
occurred in the leukemic cell population. This 
finding could be explained by a two-step hypothe- 
sis for the pathogenesis of CML:** namely, one 
event occurs that leads to the transformation of 
a pleuripotential cell into a malignant cell, and a 
second event occurs subsequently that leads to the 
acquisition of the Ph! abnormality. Thus, not all 
the cells that arise from the initial leukemic event 


may have been exposed to the second event that 
induced the Pht. This has extremely important 
implications for treatment. If one contemplates ef- 
forts at eradication of malignant cells, it is impera- 
tive that normal residual cells be present to re- 
constitute the bone marrow after the leukemic cells 
have disappeared. However, efforts at unmasking 
Ph!— cells would be pointless if one simply re- 
places leukemic Ph!+ cells with leukemic Ph!— 
cells. A more recent study by Singer et al.,”9 in 
collaboration with our group, in a patient who 
was heterozygous for the G6PD locus and who 
underwent cytogenetic conversion from the Ph!+ 
to the Ph!— state indicates that indeed the Pht— 
cells in her case represented normal hematopoiesis. 
Examination of granulocytic colonies and eryth- 
roid colonies as the patient was undergoing conver- 
sion to the Ph!— state indicated restoration of non- 
clonal erythropoiesis and granulocytopoiesis. This 
supported the view that the Ph!— cells are normal. 
Further evidence for this was seen in a second 
patient, who was mosaic for 45,X and 46,XX.° 
As seen in Table 5-2, the patient’s malignant clone, 
which contained the Ph!, occurred in the cell that 
was constitutionally 45,X. Subsequently, as treat- 
ment progressed, cells that were 46,XX and Ph!— 
appeared, as well as cells that were 45,X and Ph!~. 
Although an argument could be made that the 
latter cells may have participated in the malignant 
clone, this could not be said for the 46,XX Ph!— 
cells because of the already established clonal na- 
ture of CML. 


Treatment 


Many review articles have been written in the past 
few years that have described in detail the current 
standard treatment of CML. The common thread 
that runs through these reviews is the observation 
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FiGure 5-2 Survival in CML with single- 
agent chemotherapy compared with radiother- 
apy. These results are typical of many large 
series and not appreciably better than Minot’s 
series (54). (From Monfardini et al.**) 


% Survivors 


that very little progress has been made in the treat- 
ment of CML.45-53:56 Indeed, many authors have 
compared their experience with the original review 
of CML by Minot et al. in 1926,54 and have con- 
cluded that survival curves since then have only 
marginally improved (Figure 5-2). In part, it is 
the unique nature of CML that has hampered the 
introduction of new therapies. As described above, 
patients with CML in the untreated state are gen- 
erally not very symptomatic and their disease can 
be controlled very readily with very simple mea- 
sures (see below). Since the white cells in CML 
function fairly normally, as do the red cells and 
platelets, control of the disease is compatible with 
an open-ended survival that in some patients may 
last beyond a decade. It is difficult for clinicians 
to come to terms with the need to consider poten- 
tially toxic treatment for healthy-appearing pa- 
tients. 

This contrasts with the experience in acute leu- 
kemia, in which survival in the untreated state 
is measured in a few months and the “controlled” 
state is usually associated with problems of bleed- 
ing and recurrent infection. Thus, efforts at induc- 
ing true remission of acute leukemia are acceptable 
and mandatory and have yielded improved sur- 
vival of ALL, with cure rates in both adults and 
children now approaching 50%. Although the re- 
sults in acute myelogenous leukemia are less dra- 
matic, true remissions are now commonplace, and 
although survival on the average is only approxi- 
mately | year, a small group of 15%-25% may 
achieve survival that exceeds that of patients with 
CML. The recognition that survival in CML has 
not changed appreciably over the past several de- 
cades has led a number of centers to offer innova- 
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tive approaches to younger patients, in whom a 
median survival of 4 years does not seem to offer 
very much. Thus, it has been possible recently 
to examine the effectiveness of bone marrow 
transplantation and intensive chemotherapy in 
changing the natural history of CML. 


Treatment of Chronic Phase 


Prior to the advent of systemic chemotherapy, the 
traditional treatment of CML was splenic irradia- 
tion. This was usually delivered in daily fractions 
of up to 100 rads, and in most instances it led 
to a rapid reduction of the size of the spleen and 
the return to the normal range of elevated white 
blood cell and platelet counts. As with alkylating 
agents, which were developed later, control of the 
disease could be achieved for periods of months. 
With the regrowth of the size of the spleen and 
elevation of the white blood count, additional ra- 
diotherapy could achieve control once again. This 
sequence could be repeated several times, and pa- 
tients could remain fairly asymptomatic through 
the anticipated life expectancy of 120 or more 
weeks. 

It is interesting to note that the delivery of daily 
fractional doses, totaling 1500 rads over 2 weeks, 
was much more effective in achieving control than 
was the administration of 1500 rads in one or two 
fractions. This observation lends support to the 
hypothesis that the mechanism of action of splenic 
irradiation was the destruction of the hemato- 
poietic stem cells that circulate through the spleen: 
greater numbers of stem cells are exposed to radia- 
tion delivered over many days than during only 
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one exposure. Similarly, it also tends to discount 
the hypothesis that the irradiated spleen releases 
an inhibitor of myeloid proliferation into the circu- 
lation, which subsequently inhibits the production 
of cells in the marrow. The latter cannot account 
for the differences seen when the rate of delivery 
of radiation is varied. Radiotherapy, although gen- 
erally safe, occasionally can lead to long-term pan- 
cytopenia. It is partly as a result of this occasional 
complication, and partly because chemotherapeu- 
tic agents can be given more easily without the 
need for radiotherapy units, that chemotherapy 
has generally replaced splenic irradiation as the 
treatment of choice for CML. 

Generally, the chronic phase of CML is treated 
with single oral agents. The drug preferred by most 
clinicians is busulfan, an oral alkylating agent.%* 
In a large trial that compared splenic radiotherapy 
with busulfan, the chemotherapy-treated patients 
had a survival advantage.53 Although it has now 
been used for approximately 20 years, there is no 
reason to believe that busulfan is better for CML 
than the other drugs that are currently available. 
Few trials have been undertaken that compare bu- 
sulfan to other agents, but when it has been done, 
there was no evidence that busulfan is superior 
or that it leads to prolonged survival. It should 
be pointed out that busulfan is administered easily, 
is generally well tolerated by the patient, and may 
occasionally give long periods of control without 
the need for continuing treatment!® or with the 
need for only very minimal treatment. 

Therapy generally begins with busulfan 4-10 
mg daily. As the blood count is reduced, the dose 
of busulfan is reduced sequentially. It is important 
to stop therapy when the white blood count 
reaches 25-50 X 108/dl. There is a risk of bone 
marrow aplasia when busulfan is administered for 
too long. However, by stopping treatment when 
the count is still somewhat elevated, this risk is 
essentially negligible. Since there is no serious risk 
to having the white count rise back to over 100 
X 10°/dl, stopping therapy at the level noted above 
is an important safety factor. After the white count 
stabilizes, patients may resume low-dose busul- 
phan, usually 2 mg once or twice weekly, which 
may maintain the blood count in the region of 
10-30 X 108/dl. It is imperative that the white 
count never fall below this range for the reasons 
stated above, and it is much safer to permit the 
count to approach 30 X 108/d1 than to “fine tune” 
it in the 5-10 X 108/dl range. Since there is no 


Z. A. Arlin 


evidence that maintaining the white count in the 
normal range leads to a superior survival over its 
maintenance at the higher range, it is always safer 
to undertreat than to overtreat. 

Busulfan is not without side effects. Its main 
nonhematologic side effects include brown discolo- 
ration of the skin. Amenorrhea is common, and 
dysplastic changes in vaginal and cervical mucosa 
have also been noted. Azoospermia has also been 
seen shortly after beginning busulfan. Much has 
been written about the so-called busulfan lung, 
but this phenomenon is rare. Patients may develop 
cough, fever, dyspnea, and interstitial pulmonary 
changes. Frequently this may progress, and the 
patient may die of respiratory causes. Other condi- 
tions that have been seen include cataract forma- 
tion and neurologic degenerative disease in pa- 
tients who have been on busulfan for long periods. 

Hydroxyurea is an oral antimetabolite that acts 
by interfering with DNA polymerase.”® It is pri- 
marily used in treating patients with chronic phase 
CML. Although it is not as commonly used as 
busulfan, it is considered the treatment of choice 
at the Memorial Sloan Kettering Cancer Center. 
Treatment generally begins with 1-3 g hydroxy- 
urea daily. This usually reduces the blood count 
over a period of days. Although rapid lowering 
of the blood count is generally not important, this 
contrasts with busulfan therapy, in which lowering 
the leukocyte count may require several weeks. 
As the white count falls, the dose of hydroxyurea 
is reduced, but, unlike busulphan, it is virtually 
impossible to eliminate totally the need for con- 
tinuing treatment. In general, patients must re- 
main on maintenance doses that may vary between 
0.5 and 3 g daily. The usual maintenance dose 
in most patients, however, is approximately 1-2 
g/day. As in the case of treatment with busulfan, 
efforts should be made to keep the white count 
between 10-30 x 108/dl. 

The main advantage to using hydroxyurea over 
busulfan is that it is virtually impossible to induce 
aplasia with hydroxyurea. When the dose has been 
inadvertently taken for too long, rapid recovery 
of the blood counts occurs within a few days of 
stopping the hydroxyurea. The other side effects 
seen with busulfan are also not seen, and only 
rarely do patients complain of minor scaling or 
redness of the skin. We believe that this remarkable 
absence of side effects should make hydroxyurea 
the treatment of choice for this disease. Although 
there is a theoretical risk that busulfan, as an alky- 
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lating agent, may induce the emergence of blastic 
clones, there is no evidence that the survival of 
patients receiving hydroxyurea is better than with 
busulfan.®* These two drugs remain the mainstay 
of treatment. It should be pointed out, however, 
that many other agents can also be used,!® and 
it is our opinion that many alkylating agents and 
antimetabolites may also be effective and, when 
given in sufficiently high doses, achieve the same 
control. 

Whether busulfan or hydroxyurea is given, it 
is necessary to administer fluids and allopurinol, 
300-600 mg/day. This will obviate any problems 
that may result from tumor lysis and the produc- 
tion of uric acid. It is also interesting to note that, 
unlike the treatment of acute leukemia, which re- 
quires hospitalization in order to achieve control 
of the disease, treatment can be started and admin- 
istered throughout the chronic phase on an outpa- 
tient basis. It has been shown that there is a higher 
risk of hemorrhage when the white count exceeds 
100 < 108/dl in acute myelogenous leukemia. 
However, the risk of this occurring in CML is 
significantly lower. Thus, the urgency to lower the 
count quickly in most cases does not exist. 

Probably the most difficult problem encoun- 
tered in treating chronic phase CML is the treat- 
ment of thrombocytosis. It has been suggested that 
since the platelets do not function very well in 
CML, it is permissible to allow the platelet count 
to rise over 10°/dl or more without the patient 
developing significant risk of emboli and bleeding. 
Although this occasionally may be true, more 
commonly, symptoms develop in patients when 
the platelet value approaches this level. Dizziness, 
headaches, confusional states, and stroke may oc- 
cur when the platelet count rises above this level. 
Thus, it is imperative that the platelet count be 
reduced in these patients as soon as possible. In 
patients who are receiving hydroxyurea, the dose 
of the drug can be increased, accepting a white 
count of approximately 5 x 108/d]. This frequently 
may be sufficient to control the platelet count. 
Needless to say, this is not as readily acceptable 
for patients who are on busulfan, since lowering 
the white count to 5 X 108/dl with the latter drug 
may lead to a potentially dangerous clinical situa- 
tion that may result in prolonged aplasia. Thus, 
when there is a need to increase therapy to control 
platelets, we favor the use of hydroxyurea. 

Occasionally, hydroxyurea may not resolve the 
thrombocytosis. This is evidenced by a decrease 


in the granulocyte level to less than 108/dl without 
concomitant reduction of the platelet count below 
1 X 10"/dl. Alternative therapies in this situation 
include the administration of an intravenous thiot- 
epa in doses of 1-1.5 mg/kg/week until control 
is achieved, and then maintenance with weekly 
thiotepa according to the level of the platelet 
count. Another option is the administration of 
melphalan, which it has been claimed may be more 
selective against the megakaryocyte line. Melpha- 
lan is usually started at a dose of 6-10 mg p.o., 
daily with gradual reduction of the dose as the 
platelet count begins to fall. Frequently, a daily 
maintenance dose of 2 mg is all that is required 
to achieve adequate control. Uracil mustard is an 
oral alkylating agent that also has been used effec- 
tively to treat patients with thrombocytosis.®:76 
A dose of 1-2 mg/day is given daily for 14 days, 
following which the course can be repeated as 
needed, or patients may receive continuous ther- 
apy at a dose of 2-7 mg/week. Patients who receive 
the intermittent schedule may not require a repeat 
course for as long as 3 months. Another alternative 
may be the administration of repeated doses of 
32P at 3-4 week intervals. This often controls the 
situation when the measures noted above have not 
been successful. A dose of 5 pCi given for 2-3 
doses may be all that is required. In the emergency 
situation, it may be necessary and, indeed, desir- 
able to perform a plateletphoresis. This procedure 
can reduce the platelet count to one-half the pre- 
treatment value over a period of 3 hours, very 
often leading to immediate resolution of the symp- 
toms noted above. However, since this reduction 
of the platelet count is short-lived, it is imperative 
simultaneously to start intravenous alkylating 
agents, such as thiotepa, to achieve more long- 
term control. 

There are special circumstances in which sple- 
nectomy might be beneficial.2° First, the patient 
may have an unusually large spleen that mechani- 
cally prevents an adequate oral intake. Removal 
of the spleen frequently can correct the weight 
loss by improving food intake. Anemia and throm- 
bocytopenia may become a prominent feature of 
the disease due to hypersplenism. Removal of the 
spleen may correct this problem. Blastic transfor- 
mation may occur primarily in the spleen; it is 
characterized by rapid growth of the spleen, associ- 
ated with a disproportionale increase in blasts in 
the peripheral blood. Splenectomy, followed by 
chemotherapy, may restore the disease to the 
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chronic phase. However, in patients who are fully 
blastic with the transformation occurring primar- 
ily in the bone marrow and only secondarily lead- 
ing to an enlarged spleen, splenectomy is not indi- 
cated. In the latter case, the short survival that 
results from the transformation precludes, in most 
instances, a beneficial effect of splenectomy. A pa- 
tient whose blastic phase is following a more indo- 
lent course may still be a candidate for splenec- 
tomy if the indications noted above are present. 


True Remission 


In view of the poor survival associated with con- 
ventional therapy, two new approaches have 
emerged in an attempt to achieve cure of the dis- 
ease. The first employs sublethal doses of chemo- 
therapy and is directed at eradication of the 
Ph!— cells with restoration of the normal hemato- 
poiesis that presumably persists in most patients 
with CML. The second employs supralethal doses 
of radiotherapy and chemotherapy with reconsti- 
tution of the bone marrow with either syngeneic 
or allogeneic bone marrow. 

The first program using sublethal doses of che- 
motherapy was initiated at Memorial Hospital, 
New York City.1® From 1970 to 1976, 37 adults 
with Ph++ CML received treatment on the L-5 
protocol (Table 5-3). Treatment consisted of 
splenic irradiation followed by splenectomy and 
three courses of cytosine arabinoside and 6-thio- 
guanine, followed by L-asparaginase, followed by 
sequential maintenance chemotherapy. Details of 
this program have been published previously.!® Of 
the 37 patients, 29 were evaluable for response. 
Five of the 8 unevaluable patients had undergone 
blastic transformation prior to the beginning of 
chemotherapy, and 3 additional patients were ex- 
cluded from analysis either because they did not 
follow the protocol or because bone marrow stud- 


TABLE 5-3 L-5 Protocol: Treatment Plan for 
Induction of True Remission in Ph!-Positive CML 


1. Radiotherapy to spleen 

2. Splenectomy 

3. Intensive chemotherapy with cytosine arabinoside 
and 6-thioguanine 

4. L-Asparaginase 

5. Hydroxyurea 


From Cunningham et al.16 
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ies were not evaluable for cytogenetic response. 
Of the 29 evaluable patients, 12 had a significant 
reduction in the percentage of Ph'+ cells in their 
marrow; 7 of these had complete responses, with 
reduction of the Ph'+ cells to undetectable levels, 
and 5 others had reduction to less than one-third 
of the pretreatment value. The median duration 
of response in most cases was very brief. Of these 
12 patients, 8 relapsed in less than 4 months; 2 
patients, however, had a sustained reduction in 
Ph'+ cells for more than 3 years. One of these 
remained continuously Ph!— for the last 114 years, 
of his life and was Ph!— at the time of his death 
from metastatic adenocarcinoma of the lung. 

It is interesting to note that even though the 
duration of true remission was brief, those patients 
who responded had a statistically significant longer 
survival than those who did not respond (Figure 
5-3). It is therefore possible to conclude that the 
treatment effected a change in the natural history 
of the disease such that, although a true remission 
was not sustained, early transformation may have 
been prevented, thus shifting the survival curve 
to the right. Early intensive treatment may have 
eliminated small numbers of cells exhibiting addi- 
tional aneuploidy.®* An alternative explanation for 
this finding is that treatment did not affect the 
disease but may have selected out a group of pa- 
tients who, by virtue of their ability to respond, 
had an improved survival. There is a precedence 
for this view since it has been demonstrated that 
patients who were mosaic at the time of diagnosis 
(i.e., had bone marrows that contained both Ph!+ 
and Ph!— cells) had a better survival than those 
patients who had only Ph'+ cells.16?53370 The 
L-5 protocol may thus simply unmask an addi- 
tional group of patients who are mosaic as well. 
Others have recently confirmed that chemotherapy 
with or without splenectomy may induce true 
remissions, but, because of the small numbers 
treated, have not confirmed the survival advantage 
of responding.778° 

Since the L-5 protocol failed to cure the vast 
majority of patients and may have been curative 
in only one patient, an alternative chemotherapy 
regimen was started in 1977.25 The sequence of 
chemotherapy in protocol L-15 is outlined in Fig- 
ure 5-4; it is a modification of the L-14 protocol 
used at that time for induction of remission in 
adult acute nonlymphoblastic leukemia. In es- 
sence, daunorubicin is added to the combination 
of cytosine arabinoside and 6-thioguanine, and in- 
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FIGURE 5-3 Results of L-5 protocol for treat- Indicates length of follow-up 
ment of Ph!+ CML: survival of patients achieving of alive patients 
a true remission compared with survival of those : Whole group (37 pts.. 14 alive) 


failing to respond. (From Cunningham et al.1*) Non-responders (17 pts. 6 alive) 


— — Responders (12 pts., 8 alive) 
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TABLE 5-4 True Remission of CML in Two Protocols 


L-5 L-15 
Outcome No. % No. % 
Evaluable patients 29 42 
Complete remissions 7 28 14 33 
Partial remissions 5 14 6 15 
Total remissions 12. 41 20 «48 


stead of the cytosine arabinoside being adminis- 
tered as an intravenous injection every 12 hours, 
it is given as an infusion. The reason for the addi- 
tion of daunorubicin is the observation that the 
two longest responders on the L-5 protocol had 
received an additional course of intensification 
with daunorubicin and cytosine arabinoside, and 
the three-drug regimen yielded a higher remission 
rate in acute nonlymphoblastic leukemia than cy- 
tosine arabinoside and 6-thioguanine. It was hoped 
that a similar improvement in remission rate of 
CML could result from this change. The consoli- 
dation sequence was further intensified since the 
rather gentle maintenance chemotherapy of the 
L-5 protocol failed to prevent relapse. 

There were 42 patients treated with the L-5 
protocol: 20 responded and 22 failed to respond. 
Of the 20 responders, 14 had reduction of their 
Ph!+ cells to 0%. Thus, the L-15 protocol only 


—CR (14 pts. 9 censored) 
----PR and failures (29 pts. | 7 censored) 


100 


PERCENT SURVIVING 


i020 30 40 50 60 
MONTHS 

CR median 55.9 

PR and failures median= 45.0 


FIGURE 5-5 Results of L-15 protocol for treatment 
of Ph'+ CML: achieving a true remission compared 
with survival of those failing to respond. (From Goto 
et al.55) 


Z. A. Arlin 


marginally increased the total remission rate (from 
41% to 48%) and the complete remission rate 
(from 28% to 33%) (Table 5-4). Unfortunately, 
as was the case with the L-5 protocol, the remis- 
sions were short lived, lasting a median of only 
4 months. Furthermore, in this series, the benefi- 
cial effect of responding was no longer evident. 
The median time to entry into blast crisis was 
similar for both responders and nonresponders. 
Seven of the responders and seven of the nonre- 
sponders developed blastic transformation at 32.6 
months and 33.8 months, respectively. At the pres- 
ent time, the median survival has not yet been 
reached in either group, but the Kaplan-Meier plot 
revealed no statistical difference in the respective 
survival (Figure 5—5). 

In general, treatment was well tolerated. Al- 
though patients frequently developed pancytope- 
nia, hospitalization was required in only 60% of 
cases for fever, and this was usually resolved within 
7-10 days on intravenous antibiotics. Unfortu- 
nately, one patient in this series died as a result 
of a subphrenic abcess. This patient represents the 
only death resulting from treatment on both the 
L-5 and L-15 protocols. In view of the neutropenia 
and thrombocytopenia that occurred, further in- 
tensification of this therapy does not seem possible 
without further increasing the risks to the patient. 

This trial suggests that the administration of 
sublethal doses of the chemotherapeutic agents 
given in the manner described above cannot eradi- 
cate the Ph!— containing clone in virtually all pa- 
tients treated. It further suggests that until other, 
more selective agents are developed, this type of 
aggressive approach to cytotoxic chemotherapy 
will not be successful. In this regard, it may be- 
come necessary to evaluate newer agents such as 
those that may induce terminal differentiation of 
myeloid cells. By forcing the clonogenic cells to 
differentiate, the proliferative advantage now held 
by leukemic cells may be overcome.® 

That eradication of chronic phase CML is possi- 
ble by means of supralethal doses of radiotherapy 
and chemotherapy has been demonstrated by the 
Seattle group.”+ In their study 12 patients with 
chronic phase CML who had identical twins were 
treated with dimethylbusulfan, 5 mg/kg i.v. fol- 
lowed by cyclophosphamide 20 mg/kg/day for 2 
days and total-body supralethal irradiation ther- 
apy. In addition, the patients received methotrex- 
ate intrathecally and bone marrow from their syn- 
geneic sibling was administered within 24 hours 
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of the radiotherapy. Bone marrow engraftment oc- 
curred in all 12 patients, and in all cases bone 
marrow studies done on recovery of blood counts 
revealed the absence of the Ph!. Subsequent follow- 
up of these patients revealed relapse with reappear- 
ance of the Ph! in 3 patients. One patient in this 
series died as a result of interstitial pneumonia. 
At time of his death, he was still Ph!—. The re- 
maining patients all have remained Ph!— for 7- 
55 months after transplantation. Thus, treatment 
as administered by the Seattle group can success- 
fully eradicate the Ph!+ clone while the patient 
is still in the chronic phase of the illness. 

This positive report has led several centers to 
begin exploring the use of allogeneic transplanta- 
tion for patients in either the accelerated phase 
or chronic phase of CML. McGlave et al. described 
their experience with this approach in nine patients 
with accelerated phase CML.®? All nine patients 
had evidence of engraftment and restoration of 
blood counts to normal. In addition, they all had 
complete disappearance of the Ph’, and one patient 
also had disappearance of myelofibrosis. Two of 
the nine patients died of graft-versus-host disease 
while still in remission of the CML. Seven patients 
were alive and still in complete remission of their 
CML after 45-270 days. Goldman et al. treated 
12 patients in a similar manner using allogeneic 
bone marrow.*4 Successful engraftment occurred 
in all 12 patients, but 4 patients died of either 
infection or transplant-related complications. All 
of the patients in whom follow-up could be per- 
formed revealed restoration of a Ph!— marrow. 
Champlin et al. similarly treated patients with ei- 
ther chronic or accelerated phase CML, and six 
of their eight patients have remained in remission 
with normal bone marrow cytogenetics 3-21 
months after transplant.1°!! Others have made 
similar observations.?°-83 

These studies indicate that the disease is curable 
with the combination of chemotherapy and ra- 
diotherapy possible only in a transplant setting. 
The report by Oblon et al. further supports the 
concept that bone marrow transplantation may 
result in clearing of myelofibrosis.5° Transplanta- 
tion is not without risks, and a small but real mor- 
tality occurs as a result of the procedure. However, 
since the majority of deaths occur not from recur- 
rent leukemia, but from transplant-related prob- 
lems, further improvement in this technique 
should offer a real chance for cure in the majority 
of patients with CML. 


Blastic Transformation 


Were it not for the emergence of the acute leu- 
kemic phase, patients with CML could live a nor- 
mal life span with little impact on their normal 
functional ability. However, in the majority of pa- 
tients, the chronic phase is followed by acute leuke- 
mia that, in most instances, is very resistant to 
treatment. 

Although the diagnosis of blastic transforma- 
tion requires the appearance of increased numbers 
of blasts and promyelocytes in either the bone mar- 
row or the peripheral blood, patients whose disease 
is entering a period of transition develop character- 
istic signs and symptoms. The list in Table 5-5 
was collected from a series of 73 patients reviewed 
by Rosenthal et al.®-66 Coincident with the devel- 
opment of these symptoms is a change in the hema- 
tologic findings. There is a progressive fall in the 
hemoglobin and a simultaneous progressive fall 
in the platelet count. Of special interest is the pa- 
tient who previously had severe thrombocytosis 
and whose elevated platelet count is more easily 
controllable. Peripheral smears usually are charac- 
terized by the presence of increased Pelger-Huet 
cells, increased nucleated red blood cells, and occa- 
sionally increased basophils (Table 5—6). Myelofi- 
brosis may be present in as many as 40% of pa- 
tients and may occur prior to blastic infiltration 
of the marrow. However, as has been shown previ- 
ously, virtually 100% of patients who develop 
myelofibrosis undergo blastic transformation 


TABLE 5-5 Signs and Symptoms of Blast Crisis 


Patients 
Sign/Symptom Affected (%) 
Fever 60 
Musculoskeletal pain 53 
Abdominal enlargement/pain 38 
Malaise 66 
Dyspnea, cough 38 
Nausea, vomiting 47 
Weight loss 29 
Hemorrhage 18 
Infection 8 
Ankle edema 8 
Hepatomegaly 52 
Splenomegaly 85 
Adenopathy 5 


Adapted from Rosenthal et al. 
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TABLE 5-6 Peripheral Blood Abnormalities at Blast 
Crisis 


Patients 
Abnormality Affected (%) 

Pelger-Huet cells 18 
Abnormal erythrocyte morphology 31 
Nucleated erythrocytes 

(range per 100 leukocytes, 1%42%) 48 
Eosinophils > 5% 

(range 5%-18%) 7 
Basophils > 5% 

(range 5%-65%) 48 


Adapted from Rosenthal et al.® 


within 1 year of its documentation.** Cytogenetic 
evaluation documents the emergence of clones 
with additional abnormalities in 70%-80%: of 
patients.°° These abnormalities either precede or 
coincide with bone marrow or peripheral blood 
evidence of transformation. The most common ab- 
normalities seen are shown in Table 5-7. 

In order to establish that the disease has evolved 
into the acute phase, it is necessary to demonstrate 
an increase in the proportion of blasts and promy- 
elocytes in both the blood and bone marrow. At 
the present time, the minimum requirement, ac- 
cording to the criteria established by the Acute 
Leukemia Group B (ALGB), is a total of 30% 
blasts and promyelocytes in the blood.** Equally 
acceptable is a minimum requirement of 50% in 
the marrow. In most instances, the difference be- 
tween these two values is probably not of great 
clinical significance. An increase in blasts above 
the normally found 3% in the bone marrow is 
distinctly abnormal. It may occasionally occur in 
some patients with chronic phase CML who are 
recovering from intensive chemotherapy. How- 
ever, when patients are receiving single-agent che- 
motherapy on a continuous basis, the finding of 
even 10% blasts in the bone marrow is ominous 


TABLE 5-7 Chromosomal Changes 
in Blast Crisis 


Chromosome Percentage 
Trisomy 8 44.7 
2Ph! 42.7 
i(i7q) 26.8 
+19 13.0 


Adapted from Whang-Peng and Knutsen. 
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and indicates that the disease is no longer associ- 
ated with an open-ended survival; aggressive ther- 
apy may be required to restore the disease to the 
chronic phase. 

Numerous programs have been developed over 
the years in an effort to eliminate the acute leu- 
kemic phase when it develops and to restore the 
chronic phase of the disease. In general, these pro- 
grams have not been effective. However, for over 
a decade it has been recognized that some patients 
will respond to treatment with vincristine plus 
prednisone combinations, and that in most in- 
stances this occurs in patients whose acute leuke- 
mia morphologically resembles ALL. Terminal de- 
oxynucleotidyl transferase (Tdt) is a specific DNA 
polymerase found in thymocytes. This enzyme has 
since been found in the cells of virtually all cases 
of ALL, only a minority of patients with acute 
nonlymphoblastic leukemia, and more recently in 
approximately 20%-30% of patients with blastic 
phase CML.5"73 Jt has now also been shown that 
the patients with blastic CML whose cells are Tdt 
positive (Tdt+) are the ones whose disease ulti- 
mately responds to vincristine plus prednisone. 

Additional studies by Janossy et al. have indi- 


‘cated that the cells have the same common ALL 


antigen as do patients with ALL.“# 

Marks et al. treated 22 patients with blastic 
CML whose disease was also characterized for the 
presence or absence of Tdt.5° Of the 13 patients 
whose cells were Tdt+, 8 achieved a remission 
of their acute leukemia with a return to the chronic 
phase, whereas none of the 9 patients whose cells 
were Tdt negative (Tdt—) responded. Further- 
more, Tdt proved to be a more reliable indicator 
of responsiveness to vincristine plus prednisone 
than the morphologic appearance of the leukemic 
cells. In this series, 6 of the 13 patients with my- 
eloblastic morphology were Tdt+-, and of these, 
3 had a complete response. The 2 patients with 
lymphoid morphology who were Tdt— failed to 
respond. 

Although in the study of Marks et al. patients 
with Tdt+ blast cells responded to treatment as 
opposed to those who did not, this did not translate 
itself into an appreciably longer survival.®° Res- 
ponders in that series lived a median of only 20 
weeks, whereas the nonresponders lived a median 
of 11 weeks. 

We have recently used the Tdt assay to select 
patients with acute transformation of CML for 
treatment with an intensive chemotherapy pro- 
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gram currently in use for adult lymphoblastic leu- 
kemia. Therapy consists of five weekly injections 
of vincristine given simultaneously with daily 
prednisone for a period of 35 days. Doxorubicin 
is also added to therapy and given in midcycle. 
Additional intensification therapy usually follows 
with alternating cycles of methotrexate with cyto- 
sine arabinoside or cytosine arabinoside with 6- 
thioguanine. Ultimately, patients receive an eradi- 
cation schedule that consists of sequential adminis- 
tration of vincristine plus prednisone, doxorubicin, 
6-mercaptopurine plus methotrexate, and actino- 
mycin D. This sequence is repeated every 11 
weeks, and on alternate cycles BCNU plus cyclo- 
phosphamide replaces the doxorubicin. The ratio- 
nale for this type of approach has been described 
previously.! Of the 28 patients treated with this 
protocol, 71% achieved a remission, and the me- 
dian survival of the responders was 13 months. 

This trial emphasizes the clinical relevance of 
performing the Tdt determination in patients with 
blastic phase CML. Patients who are Tdt— survive 
only briefly, usually less than 6 months compared 
to the Tdt+ patients, whose survival averages 
greater than | year. It should be noted, however, 
that none of the Tdt+ patients treated in this way 
have been cured of their disease. For this reason, 
eight of the younger patients whose siblings were 
HLA compatible were offered the opportunity of 
a bone marrow transplant. Although seven of the 
eight patients have subsequently died of graft-ver- 
sus-host disease and interstitial pneumonia, one 
patient is currently free of all evidence of both 
chronic and acute leukemia. A second patient, re- 
ported elsewhere,®9 whose disease was approached 
in a similar manner had a similar result. Thus, 
eradication of the acute leukemic phase is poten- 
tially possible in this group of patients once the 
acute leukemic clone has been reduced to low lev- 
els by effective anti-ALL therapy. 

Unfortunately, the acute leukemic phase of the 
majority of patients is characterized by cells that 
lack Tdt. Thus, these patients will not respond 
to anti-ALL therapy and require alternative mea- 
sures. Although a number of programs have been 
devised, there is no clear evidence that any one 
is superior.®-1431,39.84.88 Jt is true that various re- 
ports have indicated a survival of up to 9 months 
in patients with acute phase CML, but since most 
of these programs have contained vincristine plus 
prednisone, and since the Tdt+ cases were not 
distinguished, it is difficult to determine how 


much, if any, improvement in survival occurred 
in the Tdt— cases. Our own unpublished experi- 
ence with daunorubicin in combination has re- 
vealed a general refractoriness to treatment, with 
a remission rate of less than 10%. We have re- 
cently explored the use of the new acridine deriva- 
tive amsacrine in combination and have found a 
somewhat better remission induction rate: 3 of 12 
patients (25%) achieved a complete remission. In 
spite of this, however, survival is very short, even 
in the responders, since the blastic clone usually 
recurs within a period of months. 

When either Tdt+ or Tdt— acute leukemia re- 
turns and alternative regimens are not available, 
it is reasonable to attempt to control the elevated 
blood counts with antimetabolites, such as hy- 
droxyurea. When this is done, it is necessary to 
give sufficient hydroxyurea to control the elevated 
white cell count without inducing life-threatening 
thrombocytopenia. Occasionally, it is possible to 
maintain fairly normal blood counts for long peri- 
ods of time, and we have seen rare cases in which 
control is possible for longer than 1 year. As a 
general rule, in view of the lack of responsiveness 
of Tdt— cases to conventional therapy, it is appro- 
priate to consider the administration of phase I 
or II agents to this group. Only through the evalua- 
tion of new agents will a clearly effective treatment 
for this phase of the disease be found. 

Occasionally, patients may develop some of the 
symptoms of blastic crisis without overt evidence 
of an increase in blasts plus promyelocytes in either 
the bone marrow or the blood. Specifically, pa- 
tients may develop fevers, sweats, bone pain, and 
lymphadenopathy. When this occurs, it is possible 
that transformation is first occurring in extrame- 
dullary sites. When these symptoms are associated 
with a sudden increase in the size of the spleen 
and the presence of more blasts plus promyelocytes 
in the peripheral blood than in the bone mar- 
row, the spleen may be the site of acute 
transformation.>> When adenopathy is the promi- 
nent feature, aspiration of the lymph node material 
may indicate that the lymph nodes are the site 
of transformation. Finally, patients may occasion- 
ally develop severe headache and cerebrospinal 
fluid evidence of pleocytosis. In this case, examina- 
tion of cytocentrifuge preparations may indicate 
that the spinal fluid is the primary site of transfor- 
mation. 

Each of these specific clinical situations requires 
therapy that is distinct from that which is given 
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to patients in whom the transformation has oc- 
curred in the bone marrow. In patients with lymph- 
adenopathy that is either painful or causing symp- 
toms of venous or lymphatic destruction, local ra- 
diotherapy is the treatment of choice. This is true 
whether the adenopathy is due to infiltration with 
Tdt+ blasts cells or Tdt— blast cells, or simply 
to chronic phase CML cells preferentially growing 
in nodal areas. Since the Tdt+ cells may also re- 
spond quite well to anti-ALL therapy, this should 
be given simultaneously even if the bone marrow 
is free of the acute leukemia. Since effective therapy 
of Tdt+ blastic transformation is not currently 
available, it is reasonable to continue to treat the 
patient with a single oral agent. As an alternative, 
the administration of amsacrine in combination 
might be tried. It has been established that occa- 
sionally intensive chemotherapy can eradicate sub- 
clones with additional cytogenetic abnormalities, 
and this may be true even in the Tdt-— cases. Thus, 
although there is no evidence that additional che- 
motherapy for Tdt— blastic transformation that 
has occurred may be beneficial, this remains a pos- 
sibility. The demonstration that the nodes contain 
chronic phase CML with new cytogenetic abnor- 
mality probably suggests the need for additional 
therapy. Anthracycline- or amsacrine-based com- 
binations probably are reasonable therapeutic op- 
tions, but other combination chemotherapy could 
be equally acceptable. As in the case of blast crisis 
occurring primarily in the bone marrow, the occur- 
rence of these phenomenan in extramedullary sites 
in young people with HLA-compatible siblings is 
a specific indication for performing a bone marrow 
transplant. 


Prevention of Blast Crisis 


Since patients with CML can live for an indefinite 
period as long as the disease does not evolve into 
the acute phase, a reasonable approach at therapy 
is to prevent blast crisis while simultaneously con- 
trolling the blood counts with the simple measures 
noted previously. Two main efforts have been di- 
rected toward accomplishing this goal. The first 
employs immunotherapy, and the second involves 
close monitoring of the patient for signs of trans- 
formation with early initiation of intensive che- 
motherapy. Sokal et al. treated 48 patients with 
well-controlled chronic phase CML with intra- 
dermal injections of allogeneic blast cells 
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supplemented in some instances by bacillus Cal- 
mette-Guerin.®! It was hoped that the intradermal 
injection of allogeneic cells obtained from long- 
term cultures of blastic CML would be sufficiently 
immunogenic to induce a cell-mediated immune 
response against antigens characteristic of blastic 
clones. The survival advantage for the entire series 
of patients treated in this manner was less than 
1 year and of borderline statistical significance 
when compared with historical controls. Since this 
study group was not randomized against a control 
arm, and since several dose schedules of immuni- 
zation were employed, it is impossible to evaluate 
the significance of this finding. For the moment, 
this approach cannot be recommended on a rou- 
tine basis. 

An alternative to the immunotherapy described 
above has been the efforts at close monitoring of 
patients for preclinical evidence of transformation. 
Moore demonstrated that the in vitro growth pat- 
tern in soft agar of chronic phase CML is quite 
distinct from that of acute transformation.5’ Fur- 
thermore, the change from chronic growth pattern 
to acute growth pattern may precede the emer- 
gence of blastic crisis by as long as 6 months. 
Moore proposed that the change in growth pattern 
could be used to define an appropriate time for 
initiation of intensive chemotherapy. Early inten- 
sive treatment could prevent full evolution of the 
blastic phase. More recent studies by Salatan et 
al. in collaboration with Moore have failed to con- 
firm this initial observation.7! The latter study has 
shown that the acute leukemic growth pattern may 
appear and then disappear spontaneously without 
specific treatment. Furthermore, blastic transfor- 
mation did not necessarily follow the appearance 
of the acute leukemic growth pattern. 

An alternative to this methodology is close 
monitoring of the bone marrow for cytogenetic 
instability with initiation of intensive treatment 
at first appearance of cytogenetic progression. 
Brodsky et al. have shown that it is possible to 
eliminate evidence of clonal evolution once it has 
occurred.” They carefully monitored the bone mar- 
row cytogenetics of 23 patients after early splenec- 
tomy. In this series 16 patients received aggressive 
treatment with busulfan, cytosine arabinoside, and 
6-thioguanine at the first appearance of cytogenetic 
progression. In all patients it was possible to show 
a significant decrease in the number of aneuploid 
metaphases seen. As was the case with the immu- 
notherapy trial described above, the survival was 
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compared only with historical controls. In this 
series the median survival of 72 months compared 
very favorably with the historical survival, which 
was only approximately 40 months. Whether the 
same type of finding would have resulted from a 
well-controlled trial remains to be seen, but Brod- 
sky et al. have shown that eradication of clones 
with the characteristic cytogenetic findings of 
transformation can be eliminated. Our own un- 
published observations in a limited number of pa- 
tients indicate that long-term eradication of abnor- 
mal clones is possible. 

Although these efforts intuitively are appealing, 
the trials to date have been very limited and not 
very well controlled, and it is therefore difficult 
at the present time to recommend either immu- 
notherapy or monitoring of soft agar growth pat- 
terns of bone marrow cells. However, cytogenetic 
progression is an ominous finding. If a bone mar- 
row transplant is possible, and if the patient is 
young and has an HLA-compatible sibling, this 
approach would be favored. For a patient who 
is not young or who does not have an HLA-com- 
patible sibling, aggressive chemotherapy with an- 
thracyclines in combination, amsacrine in combi- 
nation, or cytosine arabinoside plus 6-thioguanine 
may restore the disease to the chronic phase and 
occasionally afford a survival advantage. 

Since an enlarged spleen is the most common 
physical finding of CML and potentially a site 
of blastic transformation, the question has been 
asked whether splenectomy may affect the out- 
come of CML. Several groups have now examined 
this question in a large number of patients. In 
each series, there was no difference in survival be- 
tween the splenectomized and nonsplenectomized 
groups. Splenectomy cannot be recommended as 
a standard procedure for all patients at the time 
of diagnosis.‘ 


Conclusions 


In spite of our improved understanding of the na- 
ture of CML and its evolution, the disease remains 
fatal in most instances. Chronic phase CML is 
readily controlled, but thus far blastic transforma- 
tion cannot be prevented and usually is associated 
with limited survival. It is true that a select group 
of younger patients who have an HLA-compatible 
sibling can now be cured with bone marrow trans- 
plantation, but for the majority of patients, cure 


TABLE 5-8 Unfavorable Prognostic Features in CML 


. Splenomegaly >15 cm below the costal margin (D)# 
. Hepatomegaly >6 cm below the costal margin (P)® 
. Adenopathy (D) 

. Platelet count <150 X 108/dl >500 < 108/dl (D) 
. Leukocyte count >100 < 108/d1 (P) 

. Anemia (hemoglobin <10 g/dl) (P) 

. Peripheral blood blasts >3% (D) 

. Basophilia (P) 

. Bone marrow blasts >3% (D) 

. Myelofibrosis (D) 

. Aneuploidy (D) 
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2(D): definite. 
5(P): probable. 


of the disease is not within reach. These patients 
require the development of new therapies, but 
progress has been hampered by the benign-appear- 
ing nature of the disease. In order to facilitate 
this process, a number of centers have now begun 
to review their experience with CML with the hope 
of establishing a staging system.3?8? Although 
many of the important prognostic features associ- 
ated with more limited survival are well known 
(Table 5—8),3?-74.8687 an organized staging system 
is not yet available. Recently the Italian group 
of Tura et al. proposed a system that segregates 
patients with CML into stage I, favorable progno- 
sis (median survival 70 months); stage II, interme- 
diate survival (median of 36 months); and stage 
III, median life expectancy of only 26 months.87 
Other systems currently in formulation may simi- 
larly separate patients into different prognostic cat- 
egories. By excluding patients with good-prognosis 
CML from investigative (and potentially toxic) 
therapy and encouraging these approaches in pa- 
tients with a more unfavorable life expectancy, 
rapid progress in the development of effective ther- 
apy may be possible. 
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CHAPTER 6 


Burkitt's Lymphoma: 


Diagnostic and Taxonomic Aspects 


Gorm Pallesen 


It has been 25 years since D. P. Burkitt described 
the African tumor which later was recognized as 
a malignant lymphoma and came to bear his 
name.® The establishment of an association be- 
tween Burkitt’s lymphoma (BL) and Epstein-Barr 
virus (EBV) and the identification of rare lympho- 
mas with an identical morphology in most other 
countries evoked a world-wide interest out of pro- 
portion with the incidence of the disease. In 1969 
a World Health Organization (WHO) memoran- 
dum specified the precise morphologic criteria for 
BL.? However, a moderate morphologic variation 
was allowed and interpreted as either biologic vari- 
ation or as a limited degree of differentiation, and 
the designation ‘malignant lymphoma, undifferen- 
tiated, Burkitt’s type” was advocated. It was later 
realized that most cases of BL actually do show 
signs of differentiation, i.e., synthesis of immuno- 
globulin. 

The concepts of malignant non-Hodgkin’s lym- 
phomas generated by new immunologic techniques 
in the 1970s were reflected by a number of 
new classifications. Two of these, the Kiel 
classification'*-° and the Lukes-Collins classifica- 
tion,?4 were both based on the combined use of 
morphologic and immunologic knowledge and 
have since met with widespread approval. In the 
Kiel classification, as in most other classifications, 
BL is recognized as an entity, a separate type of 
lymphoblastic lymphoma; whereas the position of 
BL is less obtrusive in the Lukes-Collins classifica- 
tion, where it is merely considered part of the 
small, noncleaved follicular center cell lympho- 
mas. No matter what classification used, a number 
of recent publications concerning non-Hodgkin’s 
lymphomas show that the morphologic demarca- 


tion of BL is still undertaken variously. This may 
naturally cause serious problems in other areas 
of scientific investigation (viral, chromosomal, and 
membrane marker studies) when they are based 
on a primary pathologic—anatomic classification. 

In this chapter the morphologic, cytochemical, 
and immunologic features of BL that are pertinent 
to the pathologist in the differential diagnosis of 
tumors of the hematopoietic system are reviewed, 
and these features are discussed in relation to the 
taxonomic position of BL. The designations of the 
Kiel classification are used here; results obtained 
from fresh tumor biopsy material are preferred 
to results obtained from studies of cell lines derived 
from Burkitt’s tumors. 


Morphology 


Cytology 


The characteristic cytology of BL (Figure 6-1) 
makes it possible to decide on a firm diagnosis 
of BL immediately after receiving and staining a 
representative imprint from a surgical biopsy, a 
fine-needle aspiration biopsy, or a bone marrow 
smear. If the quality of the specimen is good, one 
should not delay diagnosis and treatment by wait- 
ing for the histologic section because all the char- 
acteristic features of BL are present in the cyto- 
logic specimen. 

The cytologic picture shows strikingly uniform 
lymphoblasts with only some variation in cell size 
(8-25 pm) and in the amount of cytoplasm, which 
is usually moderate. All tumor cells exhibit the 
same degree of deep basophilia, whereas in cen- 
troblastic and immunoblastic lymphomas the cyto- 
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FiGuURE 6-1 Cytology of BL: bone marrow smear from 
16-year-old male with bulky abdominal disease. Note 
the number and size of nucleoli and the variation in 
cell size. May-Griinwald—Giemsa stain, <720. 


plasmic basophilia is variable from blast to blast. 
A pronounced vacuolization is usually present in 
the cytoplasm of BL cells, but is not a specific 
feature and is commonly seen in other lymphomas 
of high-grade malignancy (particularly the B lym- 
phomas), nonlymphoid leukemias, and as a very 
distinctive feature of tumor cells in malignant his- 
tiocytosis. In BL cells a pale-staining paranuclear 
zone may be quite pronounced, and when the nu- 
cleus is also in an eccentric position, the BL cells 
may approach the plasmablast morphology. 

Nuclei are regular, rounded or oval, and some- 
times slightly notched. They have a rather coarse 
but evenly distributed chromatin. The number of 
nucleoli is 2-5 in most tumor cells, the size is 
medium, and the distribution in the nucleus is ran- 
dom. The nucleoli are more easily evaluated in 
periodic acid—Schiff (PAS) than in May-Grin- 
wald—Giemsa stained cytologic specimens. The av- 
erage size of nuclei in BL cells is about the size 
of the nuclei in the reactive phagocytosing macro- 
phages, the “starry-sky” histiocytes. 


Histology 


The effects of insufficient fixation account for most 
difficulties in discriminating between BL and other 
lymphomas of high-grade malignancy in histologic 
sections. When the histologic technique is good, 
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a safe diagnosis of BL can be made without the 
use of additional imprints. The salient histologic 
features are (a) an extreme monomorphism of the 
tumor cells, (b) a pronounced starry-sky pattern 
(Figure 6-2), with histiocytes often being loaded 
with tumor cells or their fragments, and (c) cohe- 
siveness of tumor cells in well-fixed areas.? The 
starry-sky phenomenon is often present in other 
lymphomas of high-grade malignancy and in mye- 
loid sarcoma, and is by no means diagnostic of 
BL. However, it is usually most pronounced in 
BL, and besides it serves as a very useful internal 
control comparing the lymphoblastic and histio- 
cytic nuclear sizes. 

The term “cohesiveness” is unfortunate as it 
points to features of epithelial tumors that form 
intercellular connections. The term “syncytial” 
growth, as used in diagnostic cytology, would seem 
more appropriate, meaning the formation of ap- 
parently syncytial clusters of tumor cells with cell 
borders being indistinct or invisible at the light 
microscopic level. This tendency of BL cells to 
form syncytial clusters is shared with cells of other 
B lymphomas of high-grade malignancy and may 
even occur in myeloid sarcoma but is not seen 
in lymphoblastic lymphomas of convoluted cell 
type or non-B-non-T type. 

In formalin-fixed histologic material the BL 
cells reveal a prominent nuclear membrane and 
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FiGurE 6-2 BL with prominent starry-sky pattern in 
bilateral ovarian tumor. The 38-year-old patient also 
had involvement of both mammary glands and periph- 
eral lymph nodes. Giemsa stain, <180. 
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FiGURE 6-3 Section of lymph node with BL from 9- 
year-old boy seen at high magnification. Note that lym- 
phoblast nuclei are about the size of histiocyte nuclei. 
Nucleoli are medium sized and randomly distributed. 
Giemsa stain, X720. 


FIGURE 6-4 Section of lymph node from 6-year-old 
boy. Note the extreme monomorphism of the lympho- 
blasts, which fulfill the cytologic criteria of BL cells. 
The patient had involvement of the abdomen and bone 
marrow. The tumor was Epstein-Barr virus negative. 
The tumor cells expressed Fc-IgG receptors and surface 
and cytoplasmic immunoglobulin (IgM kappa). In 
cryostat sections, HLA-DR and CALLA were demon- 
strated on the tumor cell surfaces using immunoperoxi- 
dase staining with monoclonal antibodies. Giemsa stain, 
X720. 


a coarse chromatin with an irregular distribution 
in a relatively clear parachromatin. The nuclear 
chromatin in BL is more coarse than in centroblas- 
tic and immunoblastic lymphomas. 

When these histologic features (Figures 6—2, 
6-3, and 6-4) are combined with the cytology de- 
scribed above, the pathologist should diagnose BL 
irrespective of clinical data such as the age of the 
patient and tumor localization. Probably the most 
outstanding feature of BL is the extreme mono- 
morphism of neoplastic cells that look as if they 
all were “frozen” at a similar stage of cellular 
differentiation. However, deviation from the proto- 
typic BL occurs. Cellular pleomorphism with bi- 
or multinucleate BL cells may be seen in relation 
to necrosis, e.g., in large ovarian tumors (Figure 
6-5), in tumors influenced by chemotherapy,”* and 
in recurrent tumors; but the majority of the tumor 
cells usually exhibit a typical cytology even in such 
cases. 

A very interesting histologic feature of BL was 
described by Mann et al.,24 who found germinal 
centers focally involved in lymph nodes and Pey- 
er’s patches in 10 biopsies and 2 autopsies from 
American patients with BL. The authors con- 
cluded that BL cells are related to B lymphocytes 
of normal germinal centers, and may either arise 


FIGURE 6-5 BL with cellular pleomorphism. Slight 
increase in cell size and binucleation of some tumor 
cells occurred in huge: bilateral ovarian tumors with 
necrosis in a 16-year-old patient. Immunoperoxidase 
staining of fixed tissue revealed weak expression of cyto- 
plasmic IgM lambda. Giemsa stain, 720. 
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from germinal center cells or follow migration 
pathways resulting in the selective “homing” to 
germinal centers. 

We recently confirmed and extended the find- 
ings of Mann et al.18 In a retrospective study of 
Danish patients with BL, we had the opportunity 
to study the very early infiltration with BL cells 
in lymph nodes from two boys. A single lymph 
node from the neck was studied in one of the pa- 
tients, who had bulky abdominal and paravertebral 
disease and was leukemic—French-American- 
British (FAB) type L3—at presentation. In the 
other patient we noticed the homing phenomenon 
in several mesenteric lymph nodes regional to an 
ileocoecal Burkitt’s tumor. The infiltration was dis- 
crete and had passed unnoticed at the primary 
microscopy. In addition to the germinal center 
involvement previously described by Mann et al., 
we noticed that this stage was preceded by a partic- 
ular stage in which the lymphocytic mantle zone 
was replaced by BL cells, with germinal centers 
remaining intact (Figure 6-6). Subsequently the 
whole germinal center was replaced by neoplastic 
cells (Figure 6-7), and finally these foci enlarged 
and fused into an entirely diffuse pattern. 

An organoid, follicular growth pattern as seen 
in centroblastic and in centroblastic/centrocytic 
lymphomas is not a feature of BL, and the homing 


if aa Se 
ony AS 
. a) = gat 
ina RS 


FIGURE 6-6 BL with “homing” phenomenon: early 
lymph node involvement, with the lymphocytic mantle 
zone replaced by neoplastic cells. The germinal center 
is intact. Same patient as in Figure 6-3. Giemsa stain, 
X180. 
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FIGURE 6-7 BL with “homing” phenomenon: lym- 
phocytic mantle zone and germinal center replaced by 
tumor cells (except for a few centrocytes centrally). BL 
cells are also seen traveling in the sinuses in the interfol- 
licular area. Same lymph node as in Figure 6-6. Giemsa 
stain, <180. 


phenomenon looks quite different from that. Our 
observation of mantle zone homing prior to germi- 
nal center involvement in BL may indicate that 
BL cells are not derived from the cellular constitu- 
ents of normal germinal centers but rather from 
a pre— or post-germinal center cell type. 


Ultrastructure 


The light microscopic features of BL naturally may 
also be identified at the electron microscopic level. 
The main additional information provided by elec- 
tron microscopy is that (a) a large number of poly- 
ribosomes occur in the cytoplasm, (b) rough endo- 
plasmic reticulum is scarce, and (c) there is a 
general scarcity of other cytoplasmic organelles.” 
These structural features correspond to (a) the in- 
tense cytoplasmic basophilia obtained with the 
Giemsa stain, (b) the low content of cytoplasmic 
immunoglobulin, and (c) the weak or absent reac- 
tion for most enzyme stains. 

It is my opinion that electron microscopy is 
of little importance in the diagnostic process of 
non-Hodgkin’s lymphomas. The subclassification 
can be made quickly, cheaply, and accurately if 
the histologic technique is of a sufficient quality 
and if it is combined with the routine use of cyto- 
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logic, cytochemical, and sometimes immunohisto- 
chemical examinations performed on imprints and 
sections of tumor tissue. 


Cytochemistry 


The cytochemical features of nonendemic BL!©4 
(personal observations) are identical with those 
of African BL previously studied by Wright.42 The 
cytoplasmic vacuoles contain neutral fat and stain 
with Sudan black and oil red 0. This is not a spe- 
cific feature of BL, since fat vacuoles occur com- 
monly in other high-grade malignant lymphomas, 
(i.e., centroblastic and immunoblastic). 

The PAS reaction is usually negative, however, 
glycogen granules may be stained in occasional 
tumor cells. Coarse glycogen granules are typical 
of lymphoblasts in lymphoblastic lymphomas 
other than BL. One reported case of American 
BL showed a markedly increased PAS reaction, 
however that case also deviated in other respects 
from typical BL and might belong to another lym- 
phoma subclass.*4 Tartrate-sensitive acid phospha- 
tase is usually present in BL cells and shows a 
rather weak, dispersed granular pattern, whereas 
nonspecific esterase is weak or absent. 

Alkaline phosphatase was not reported in BL 
cells by Wright*? or by Berard et al.? whereas 
Mann et al.?4 found partial expression of this en- 
zyme in one of eight cases examined. In five of 
my own cases (unpublished results) alkaline phos- 
phatase was absent. The BL cells were consistently 
devoid of peroxidase, naphthol-AS-p-chloroace- 
tate esterase, lysozyme, ay-antitrypsin and a,-anti- 
chymotrypsin. The presence of these marker en- 
zymes in hematopoietic tumor cells is indicative 
of a myeloid or a monohistiocytic derivation. 


Immune Markers 


Expression of Immunoglobulin 


Surface Immunoglobulin 

The presence of surface membrane immunoglobu- 
lin (SmIg) was reported as early as 1967 on tumor 
cells of biopsy specimens and on derived cell lines 
from a case of endemic BL.!° The results of SmIg 
studies in many of the early works on African 
BL are difficult to interpret because the techniques 
to detect SmIg were less developed than today, 
or because the studies were performed on cell lines 


and not on tumor specimens.!!3° In cultured cell 
lines established from endemic BL, Takahashi et 
al. found an extreme imbalance of heavy and light 
chain expression, however, IgM was the most fre- 
quent heavy chain encountered.*® 

More recently, Gunvén et al. reported their 
findings of SmIg in cell suspensions of 91 cases 
of African BL.16 Only 5% of their cases did not 
express SmIg, and the majority expressed IgM. 
A few cases expressed simultaneously mu and 
gamma chains with a single light chain, and delta 
chains were partially expressed in 2 of 53 biopsies 
examined. Magrath et al.,?> in a recent study of 
surface markers in lymphoma-derived cell lines, 
made the interesting observation that SmIg was 
expressed strongly in all 7 EBV nuclear antigen- 
negative cell lines studied, while SmIg was weak 
(6 cases) or absent (4 cases) in cell lines positive 
for EBV nuclear antigen. 

In the rare cases of nonendemic BL, a pattern 
of SmIg expression emerges through the many re- 
cent reports. In an ongoing multiple cell marker 
study of non-Hodgkin’s lymphomas, we have en- 
countered 3 cases of nonendemic BL among more 
than 50 high-grade malignant lymphomas exam- 
ined during a 3-year period (G. Pallesen, M. Mad- 
sen: unpublished results). One of our cases did 
not express immunoglobulin, but the others ex- 
pressed Smlg strongly, i.e., IgM kappa and IgGM 
kappa. 

If our cases are included with published cases, 
SmIg has been analyzed in at least 85 cases of 
nonendemic BL;13-5,7,9,12,15,17,24,26,29,31,32,35,37,41 27 
of these cases$132:35 were designated Burkitt’s cell 
leukemias (FAB type Ls). Whereas most cases 
were stated to express SmIg strongly, 4 cases were 
found to be nonexpressive (our unpublished 
case).4?63! Details of immunoglobulin chain typ- 
ing were not presented in all publications, however 
mu chains were reported in 56 cases: in 2 of these, 
with the simultaneous expression of gamma chains 
and a single light chain (our unpublished case);17 
and in 7 of these, in association with delta 
chains.!+24-3! Gamma chains alone were found in 
4 cases?63! and alpha chains in one case.3! Light 
chains alone were reported in 1 case.?> The distri- 
bution of light chains (29 cases with kappa, 25 
cases with lambda) is imbalanced in favor of 
lambda, as previously pointed out by Preud’- 
homme et al.3! and by Kerndrup and Pallesen.18 

The real frequency of delta chain expression 
in nonendemic BL is unknown because examina- 
tion for this differentiation marker was not in- 
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cluded in most studies. We did not find delta 
chains in our 3 cases, while Preud’homme et al.*! 
found delta associated with mu chains in 3 of 10 
cases (BL cell leukemias) studied. 


Cytoplasmic Immunoglobulin 

Little is known about the expression of cyto- 
plasmic immunoglobulin (CIg) in endemic and 
nonendemic BL, although this character is impor- 
tant in the taxonomic evaluation of differentiation 
in malignant B lymphomas. In a recent paper 
Wright maintained that Clg is never seen in BL, 
as opposed to follicular center cell lymphomas.* 
This statement is not correct in the case of nonen- 
demic BL, and probably not even in African BL, 
because Minowada et al.?5 have already demon- 
strated Clg in a cell line derived from BL. How- 
ever, Wright has studied about 20 African tumors 
with an immunoperoxidase technique and was not 
able to detect Clg in any case (personal communi- 
cation). 

In nonendemic BL only few studies have in- 
cluded investigation for Clg. Pallesen et al.??7 dem- 
onstrated weak reactions for Clg in 2 of 2 Danish 
cases using an immunoperoxidase method, and 
Habeshaw et al.!? found Clg in 2 of 3 English 
cases. In a later study we were able to detect Clg 
in 7 of 8 Danish BL cases, although reactions in 
general were weak.'® For comparison, we found 
monotypic Clg in 3 of 6 centroblastic lymphomas, 
which all expressed SmIg, whereas 13 of 14 immu- 
noblastic B lymphomas expressed Clg (G. Pal- 
lesen, M. Madsen: unpublished results). 


Expression of Receptors for Fc-IgG and C3 


No clear data are available about the expression 
of receptors for IgG in fresh biopsies from African 
BL, whereas C3 receptors were partially expressed 
by BL cells from six tumors examined by 
Magrath.2? Various cell lines derived from en- 
demic tumors have been shown either to express 
or lack these receptors. 

Tumor cells from nonendemic BL have been 
examined for receptors in a number of cases. 
Among the 3 cases in our own study (all were 
EBV nuclear antigen negative), we found partial 
expression of C3 receptors in a case that did not 
express SmIg or Clg. Receptors for IgG were par- 
tially expressed by tumor cells in another case, 
while the third case was devoid of both receptor 
types (G. Pallesen, M. Madsen: unpublished re- 
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sults). When our cases are combined with those 
in the literature, the following figures result: recep- 
tors for IgG were found in 23 of 49 cases of nonen- 
demic BL,?:417-24,31,32,35.37 whereas C3 receptors 
were expressed by 8 of 24 cases.3:1517.24.32,36.37 Tn 
the individual BL case tumor cells are apparently 
heterogenous in their ability to express these recep- 
tors. In our cases, as well as in those of Mann 
et al.,24 they were usually expressed by a minority 
of the tumor cells only. 


Expression of Other Cell Markers 


Receptors for mouse erythrocytes were absent 
from 13 cases examined by Bernard et al.* and 
5 cases examined by Stein et al.27 Receptors for 
Fe-IgM were demonstrated in 1 of 2 BL cases 
examined.!?7 HLA-DR antigen has consistently 
been demonstrated on the surface of BL 
cells.3:4-33.37 

Common acute lymphoblastic leukemia (ALL) 
antigen (CALLA) was recently demonstrated in 
5 of 6 cases by Ritz et al.33 using a monoclonal 
antibody (J5). CALLA, which used to be consid- 
ered a marker of early hematopoietic stem cells, 
was also demonstrated in lymphoblastic lympho- 
mas of T cell type and in differentiated B cell 
lymphomas such as the centroblastic/centrocytic. 
CALLA was not demonstrated in 14 BL cases 
examined by Bernard et al.* In 2 of our BL cases, 
in which frozen-stored tissue was available, we 
were able to detect CALLA using J5 and an immu- 
noperoxidase technique on cryostat sections. Ter- 
minal deoxynucleotidyl transferase, a marker of 
T cell ALL and common ALL but not of B cell 
ALL, was found in 2 of 14 BL cases studied by 
Bernard et al.4 

Recently Wiels et al. reported on the generation 
of an interesting monoclonal antibody referred to 
as 38.13, which recognized an antigen associated 
with BL.*° The antigen was expressed by most 
EBV-positive and -negative BL cell lines and on 
cells from both endemic and nonendemic cases. 
It was not expressed by normal cells from blood, 
bone marrow, and normal lymphoid tissues, nor 
by various hematopoietic neoplasias. 


Differential Diagnosis 


The pertinent disorders to be considered in the 
differential diagnosis of BL comprise nonlymphoid 
hematopoietic neoplasias, such as malignant his- 
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tiocytosis and myeloid sarcoma, and the various 
lymphocyte-derived neoplasias of high-grade ma- 
lignancy, such as the centroblastic, immunoblastic, 
and lymphoblastic lymphomas. 


Malignant Histiocytosis 


In malignant histiocytosis the tumor cells are large 
and usually pleomorphic with abundant cytoplasm 
in which erythrocytes may be present due to 
phagocytosis. If imprints are obtained, stainings 
for nonspecific esterase and acid phosphatase re- 
veal strong diffuse reactions that are never seen 
in lymphoid cells, however, they may also be seen 
in carcinomas and in malignant melanoma. In the 
formalin-fixed and paraffin-embedded tissue, a,- 
antitrypsin and a,-antichymotrypsin can be dem- 
onstrated immunohistochemically in the cyto- 
plasm of malignant histiocytes, whereas lysozyme 
(muramidase) is only expressed occasionally. 


Myeloid Sarcoma 


Immature myeloid sarcoma must be considered 
in the differential diagnosis because a starry-sky 
pattern as well as a cohesive/syncytial growth pat- 
tern may be present. The following case report 
is illustrative of the diagnostic difficulties in a case 
of myeloid sarcoma: 


A 9-year-old girl was referred to us with a diagnosis of 
BL. She had a large tumor involving the maxilla and orbita, 
and a previous biopsy revealed a focally pronounced starry- 
sky pattern and syncytial groupings of tumor cells. In a subse- 
quent fine-needle aspiration biopsy, we rejected the possibility 
of BL because of a cytology incompatible with this diagnosis. 
After prolonged search we found a few cells with fine myeloid 
granulation of the cytoplasm and diagnosed a myeloid sarcoma 
of a very immature type (FAB type Mi/2). 

The diagnosis was verified when an involved lymph node 
was removed (Figure 6-8). In imprints from this a few blasts 
reacted positively with the Sudan B or peroxidase, and the 
chloroacetate esterase stains, and in tissue sections lysozyme 
could be demonstrated in a few blasts using an immunoperoxi- 
dase method, whereas the chloroacetate esterase stain of sec- 
tions was negative. A few weeks later she developed an acute 
myeloid leukemia with distinctive differentiation (FAB type 
M2) of blasts in blood and bone marrow. 


The differentiated myeloid or granulocytic sar- 
comas may be diagnosed by conventional histology 
if the technique is good. If less than optimal, stain- 
ing of tissue sections for chloroacetate esterase or 
lysozyme, or processing of tissue for electron mi- 
croscopy may be necessary to obtain the correct 
diagnosis. 


} C 3 ae . 4) 
ES hr Py ys  ghs 


FIGURE 6-8 Very immature myeloid sarcoma. The tu- 
mor presented in the maxilla and orbita in a 9-year- 
old girl. Due to clinical features and prominent starry- 
sky pattern in her first biopsy she was referred with a 
diagnosis of BL. The microphotograph is from a subse- 
quent biopsy of a cervical lymph node. The cytologic 
criteria of BL are not fulfilled. Monomorphism is absent 
and the blasts are of varying size and usually too large. 
Nuclei are irregular with few but large nucleoli. Giemsa 
stain, 720. 


Centroblastic Lymphoma 


The centroblastic lymphoma is morphologically 
and presumably also taxonomically close to BL. 
In well-fixed tissues the centroblasts reveal 1-4 
nucleoli, which are medium sized and often associ- 
ated with the nuclear membrane; in contrast to 
BL cells, the chromatin is finely dispersed (Figure 
6-9). The cytoplasm is scant to moderate, variably 
basophilic, and sometimes contains fat vacuoles. 
The centroblastic lymphoma may be diffuse or 
nodular. In the latter case the proliferation is usu- 
ally associated with many centrocytes. 


Immunoblastic Lymphoma 


The designation “immunoblastic lymphoma” is 
widely used in modern pathology and is attached 
to lymphomas with a predominance of tumor cells 
of the transformed lymphocyte type, i.e. large 
blastoid cells with ample cytoplasm and nuclei 
with delicate chromatin and 1-2 large nucleoli cen- 
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FIGURE 6-9 Malignant lymphoma, centroblastic (nod- 
ular type). Characteristic centroblasts predominate in 
this lymph node from a 53-year-old woman. The cells 
are large; nuclei are vesicular with delicate chromatin 
and 2-3 medium-sized nucleoli, which are often associ- 
ated with the nuclear membrane. Cytoplasmic baso- 
philia varies. Centrocytes occur intermingled with small 
and large centroblasts. Monotypic IgM lambda was ex- 
pressed strongly as both surface and cytoplasmic immu- 
noglobulins. Giemsa stain, <720. 


trally located (Figures 6-10 and 6-11). By means 
of immunologic methods, immunoblastic lympho- 
mas with almost identical morphology may be fur- 
ther divided into phenotypes of the B or T lympho- 
cyte lineage, or they may be nonexpressive (0 
types). In a study of 53 lymphomas of high-grade 
malignancy, we classified 19 cases as immunoblas- 
tic lymphomas according to histology. As many 
as 15 were B derived, only 2 were T derived, and 
2 were nonexpressive (G. Pallesen, M. Madsen: 
unpublished results). It was remarkable that SmIg 
and Clg were expressed simultaneously and usu- 
ally strongly in 12 of 14 cases examined for both. 

A clue as to the immunologic type of immuno- 
blastic lymphomas is given when some immuno- 
blasts show plasmablastic (B cell) differentiation 
(Figure 6-10), whereas T immunoblastic lym- 
phoma (Figure 6-11) is suggested if nuclear con- 
tours are complex and irregular, or if nuclei are 
elongated. In our T immunoblastic lymphomas 
a broader spectrum of cell types was seen than 
in the B types. Apart from the characteristic im- 
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FIGURE 6-10 Malignant lymphoma, B immunoblastic. 
Typical immunoblasts with large central nucleolus pre- 
vail, however, scattered plasmablasts occur in this 
lymph node from a 72-year-old male. Note that cells 
are large with abundant cytoplasm with varying baso- 
philia. There is a moderate pleomorphism. Monotypic 
immunoglobulin (IgM lambda) was demonstrated in the 
cytoplasm as well as on the cell membranes. Giemsa 
stain, <720. 


munoblasts, smaller blasts and large and interme- 
diate-sized lymphocytes were components of T im- 
munoblastic lymphomas. Other histologic features 
in favor of the T immunoblastic lymphoma com- 
prise selective involvement of the T zone, prolifera- 
tion of postcapillary venoles, and increased num- 
bers of histiocytes and eosinophils. 


Lymphoblastic Lymphomas Other than 
Burkitt’s Lymphoma 


The lymphoblastic lymphomas other than BL 
comprise, according to the Kiel classification, B 
lymphoblastic lymphomas other than BL, T lym- 
phoblastic lymphomas with and without convo- 
luted nuclei, and unclassified, which includes the 
lymphoma counterpart to common ALL. 

The B lymphoblastic lymphomas other than BL 
exhibit a cytology similar to BL but lack a starry- 
sky picture and typical “cohesiveness” of the tu- 
mor cells.2° However, histologic criteria sufficient 
for a clear distinction between a Burkitt’s type 
and non-Burkitt’s type B lymphoblastic lymphoma 
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FIGURE 6-11 


Malignant lymphoma, T immunoblastic. 
A much wider variation of immunoblasts is seen in T 
than in B immunoblastic lymphomas. In this lymph 
node from a 61-year-old male, the T immunoblasts are 
intermingled with smaller blasts and large T lympho- 
cytes, and most of these reveal a very complex nuclear 
structure (which is typical of most peripheral T lympho- 
mas). Many eosinophils participate in the proliferation. 
Tumor cells formed rosettes with sheep erythrocytes. 
Immunoperoxidase staining of cryostat sections with 
monoclonal antibodies revealed the membrane pheno- 
type of T helper lymphocytes: OKT3+, OKT4+, 
OKT6—, OKT8-, Lyt-2+, Lyt-3+, HLA-DR-— and 
Ig—. Giemsa stain, X 720. 


are hardly available at present. A tumorous form 
of pre-B cell ALL, a pre-B lymphoma, has not 
yet been identified. 

The T lymphoblastic lymphomas of convoluted 
cell type are composed of blasts that are smaller 
than BL cells. Their nuclear chromatin is con- 
densed and nucleoli are inconspicuous (Figure 6— 
12). A starry-sky pattern is sometimes present but 
not as prominent as in BL. The feature of nuclear 
convolution is characteristic but may be seen also 
in cases of nonexpressive lymphoblastic lympho- 
mas. A strong focal acid phosphatase reaction is 
very specific and allows a clear distinction of this 
lymphoma from other lymphoblastic neoplasias. 
Most cases express receptors for sheep erythro- 
cytes or T-associated surface antigens. 

T lymphoblastic lymphomas of nonconvoluted 
cell type occur rarely. I have seen only one proven 
case, arising in a 4-year-old boy without mediasti- 


FiGuRE 6-12 Malignant lymphoma, T lymphoblastic 
with convoluted nuclei. Cervical lymph node from a 
14-year-old boy with mediastinal tumor shows a starry- 
sky pattern. Note the small size and barely visible cyto- 
plasm of most lymphoblasts. Nuclei are often convo- 
luted, chromatin is condensed but evenly distributed, 
and nucleoli are inconspicuous. Immunoperoxidase 
staining of cryostat sections in this case revealed the 
membrane phenotype OKT3+, OKT4+, OKT6+, 
OKT8—, Lyt-2(+), Lyt-3+, HLA-DR-. Giemsa stain, 
Xx 720. 


nal tumor. The histology of this case was quite 
characteristic (Figure 6-13) and much different 
from that of the convoluted cell type. The rela- 
tively uniform population of blasts were reminis- 
cent of immunoblasts, however, they were smaller. 
As in immunoblastic lymphoma, a single and 
rather prominent nucleolus was seen. It seems that 
the acute leukemia counterpart to this lymphoma 
would be designated Lz according to the FAB clas- 
sification. Cytochemically, the blasts were devoid 
of acid phosphatase, but a strong dotlike reaction 
was seen with the stain for acid nonspecific ester- 
ase, as in normal peripheral T helper lymphocytes. 
The surface markers were revealed by immuno- 
staining frozen tissue sections with monoclonal an- 
tibodies using an immunoperoxidase method. The 
blasts were OKT3—, OKT44+, OKT6—, OKT8-, 
Lyt-2+, Lyt-3+, HLe-1+, HLA-DR+, SmIg— 
and CIg—. This phenotype probably indicates a 
postthymic T cell origin or differentiation, whereas 
our cases of convoluted cell type all expressed thy- 
mus cortex antigen (OKT6+). 


FiGurE 6-13 Malignant lymphoma, T lymphoblastic 
without convoluted nuclei. Cervical lymph node from 
a 4-year-old boy without mediastinal tumor or leukemia. 
The lymphoblasts are reminiscent of small immuno- 
blasts with one prominent nucleolus in a delicately stip- 
pled chromatin. The cytoplasm is distinct and moderate 
in amount. Giemsa stain, X 720. 
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FiGuRE 6-14 Malignant lymphoma, lymphoblastic, 
unclassified. Relatively small blasts with irregular nuclei 
are seen in this lymph node from a 14-year-old boy. 
The chromatin is stippled and the cytoplasm is indis- 
tinct. The immune phenotype of this case was non-B- 
non-T. Giemsa stain, < 720. 
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The unclassified lymphoblastic lymphomas 
comprise proliferations of small to medium-sized 
blasts cytologically different from the blasts of BL 
and convoluted cell type, and are immunologically 
devoid of markers of differentiated lymphocytes. 
Most cases are apparently sarcomatous counter- 
parts to common ALL. I have studied relatively 
few cases; one case with small blasts and pro- 
nounced nuclear indentations is shown in Figure 
6-14. Neither immunoglobulin nor receptors were 
expressed by the lymphoblasts, which in contrast 
showed coarse diastase-sensitive granulation in 
PAS-stained imprints. In the illustrated case (Fig- 
ure 6-14), the nuclear chromatin was rather stip- 
pled, whereas in other cases it may be more evenly 
distributed. The main histologic difficulty in lym- 
phoblastic lymphoma, unclassified, is to recognize 
this as a basically high-grade malignant prolifera- 
tion of small lymphoblasts and not merely as large 
lymphocytes of a low-grade malignant lymphoma. 
Imprints are of significant value in this evaluation. 


Taxonomic Problems 


Although the diagnosis of BL has been based on 
strict morphologic criteria since 1969,? there is 
still an obvious lack of agreement among patholo- 
gists as to what constitutes BL or non-BL. Natu- 
rally, it is tumors that exhibit slight variation from 
the prototype (a variation which may be allowed 
according to the WHO criteria) that cause the 
problems. Some authors have represented the 
point of view not to allow any deviation from the 
typical monomorphic appearance of BL at all.®-48 
Dura et al. accepted as BL only 4 of 65 chiefly 
abdominal cases of American childhood B lym- 
phoblastic lymphomas.® Certainly, true cases of 
BL might be lost using their criteria. 

Most other authors have been less restrictive 
when applying the WHO criteria in cases of nonen- 
demic BL.4718.20.24.28,30.31 Tn a study of a large 
French series of childhood lymphomas, Philip et 
al.3° expressed the point of view opposite to Dura 
et al. They diagnosed 57.3% as BL. They stated 
that the incidence of nonendemic BL had been 
underestimated and that BL is the most frequent 
childhood lymphoma in the world. The histologic 
criteria practiced by Philip et al. may carry the 
risk of including cases of non-BL among “true” 
cases of BL. 

It is evident that lack of definition about the 
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extent and the type of variation allowed in BL? 
is the main responsible factor for the inhomogene- 
ous classification. Expressions such as “atypical 
BL,” “BL-like,” or “BL type” have repeatedly 
been used in the literature in prudent attempts 
to denote cases of BL at slight variance. Like BL, 
the centroblastic, immunoblastic, and lymphoblas- 
tic lymphomas may show morphologic variation 
from their defined prototypes, rendering otherwise 
useful diagnostic criteria?®?! less valuable, and 
thereby enhancing the taxonomic difficulties. 

The main difference between tumor cells of en- 
demic and nonendemic BL is with respect to their 
association with EBV; they are similar with respect 
to morphology, surface markers, and kinetic and 
cytogenetic features. There is as yet no morpho- 
logic evidence that EBV-associated and -unassoci- 
ated BL cell proliferations belong to different lym- 
phocyte subpopulations, and it should be kept in 
mind that morphologic variation is also met with 
in EBV-positive tumors. The first European BL 
associated with EBV, published by Goetz et al. 
and depicted by Lennert and Mohri,”° was com- 
posed of rather large cells exhibiting features of 
BL cells, sometimes of centroblasts and occasion- 
ally of immunoblasts (original sections are avail- 
able in the Lymphoma Registry in Kiel). This 
case certainly is a candidate for the designation 
“Burkitt-like” only. 

Accordingly, the slight morphologic variation 
so. often reported in BL by experienced 
pathologists? could hardly altogether result from 
inaccuracy of examiners or from poor histologic 
technique. It might instead reflect a true spectrum 
of morphologic phenotypes in BL, although it is 
narrow compared with other lymphoma sub- 
classes. The slight morphologic variation of BL 
cells between different tumors and within a single 
tumor may be a reflection of their heterogeneous 
functional capacities, i.e., their partial expression 
of Fc or complement receptors, or of SmIg chains. 
The opinion advanced for many years that BL 
cells belong to an undifferentiated lymphocytic 
cell population was based exclusively on morphol- 
ogy and should now be completely abandoned. 
The “homing” to cortical follicles (mantle zone 
and follicular center) may denote the only morpho- 
logic sign of some as yet not understood commit- 
ment of the BL cells. 

In considering the functional capacities as re- 
vealed by immune marker techniques, it is obvious 
that BL cells express the markers of differentiated 


rather than immature lymphocytes. Surface IgD, 
which is found predominantly associated with IgM 
on the surfaces of normal mantle zone lympho- 
cytes, is acquired and lost again during B cell ma- 
turation. The delta chain—negative stage may 
therefore correspond to either an immature or a 
mature stage of B lymphocyte differentiation. 
Delta chain expression in African BL was low 
in the study of Gunvén et al., and they concluded 
that it placed the BL cell at an early stage of lym- 
phoid cell maturation.‘ Preud’homme et al. made 
the observation of low delta chain expression in 
nonendemic BL.31 However, they favored an ad- 
vanced maturational arrest because Smlg of IgG 
or even IgA type was expressed in some of their 
cases, and because a few of their patients had an 
increase in monoclonal serum immunoglobulin. 

Tumor cells were unfortunately not investigated 
for Clg by any of these groups. The finding by 
others of Clg occurring simultaneously with Smlg 
in BL cells denotes an advanced stage of differenti- 
ation (late maturational arrest). Accordingly, in 
a taxonomic sense, BL cells are not lymphoblasts 
(lymphocyte precursors) but transformed lympho- 
cytes (plasma cell precursors) different from B im- 
munoblasts. The presence of CALLA on tumor 
cells of BL is no argument against this statement 
because this antigen is also expressed by differenti- 
ated lymphocytes of centroblastic/centrocytic 
lymphoma and by various unrelated tissues. Con- 
sequently, CALLA can hardly be considered a 
differentiation antigen any longer.®8 

The counterpart to the BL cell in normal lym- 
phoid tissues is unknown. The early homing to 
the mantle zone might point to a derivation from 
mantle zone lymphocytes, which are characterized 
by marked expression of delta chains and alkaline 
phosphatase on their cell surfaces; however, BL 
cells express these markers infrequently. The 
rather weak or absent expression of complement 
receptors in BL makes the concept of a derivation 
from germinal center cells less attractive because 
these express C3 receptors strongly. 

The presence or absence of EBV has become 
a point of taxonomic importance in the Kiel classi- 
fication. EBV-positive tumors are designated 
“Burkitt’s lymphoma,” whereas EBV-negative 
cases with BL morphology are designated “BL 
type.” I have not undertaken the distinction in 
this chapter. The term “Burkitt’s type” has been 
used in various ways independently of the Kiel 
classification, and the tradition among pathologists 
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does not favor the implication of viral criteria in 
a basically morphologic classification. Moreover, 
inclusion of viral criteria may be unfortunate be- 
cause it carries the risk of concealing the occur- 
rence of EBV in lymphomas of different histologic 
type. The lymphoma described by Suzuki et al.38 
should not be referred to as BL because of the 
presence of the EBV genome in the tumor cells; 
according to morphology it was definitely a case 
of immunoblastic lymphoma. 


Conclusions and Recommendations 


The morphologic criteria of BL published in the 
WHO memorandum? are still unchallenged. The 
creation of new lymphoma classifications in the 
1970s brought clarity to the classification of most 
cases of high-grade malignant lymphomas, which 
may now be arranged in relatively few morpho- 
logic entities. However, BL with less than perfect 
monomorphism may persistently cause disagree- 
ment and uncertainty among pathologists, and 
may constitute a permanent risk of contaminating 
materials. It would seem that this could partly 
be compensated for by exchange of material for 
reciprocal review. 

Concerning morphology, the findings of early 
and selective involvement of the lymphocytic man- 
tle zone and subsequently the germinal center 
should be looked for in endemic BL, in which it 
has not been reported. This feature may be unique 
to BL, and if present also in African cases, it would 
bring further support to the concept that the two 
types of BL are truly identical. 

Concerning expression of cell markers, no obvi- 
ous difference has been disclosed between African 
and nonendemic BL. However, nonendemic BL, 
including its leukemic form has been far more ex- 
tensively studied with modern methods than has 
African BL, in which cell lines have been the main 
source of material for marker analyses. 

The marker studies have shown that BL cells 
are not undifferentiated lymphoblasts, and conse- 
quently the designation “undifferentiated lym- 
phoma” should be avoided. On the contrary, BL 
cells may be representative of the transformed 
stage of relatively differentiated B lymphocytes be- 
cause (a) SmlIg is expressed strongly in most cases, 
(b) immunoglobulin heavy chains other than mu 
are sometimes expressed, (c) delta chains are-ex- 
pressed infrequently, and probably the BL cell has 
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passed the maturational stage of delta chain ex- 
pression, and (d) Clg is expressed in at least some 
of the cases, although weakly. Other cell markers, 
such as receptors for Fc-IgG are expressed in al- 
most one-half of cases, and complement receptors 
in about one-third of cases. 

The question of Clg expression is of crucial 
taxonomic importance. Because of the controversy 
as to whether Clg is expressed in African BL or 
not, it would seem pertinent to investigate a larger 
number of both African and nonendemic BL tis- 
sues with sensitive immunoperoxidase techniques. 
If a difference in expression of Clg is found consis- 
tently in larger materials of the two types of BL, 
it may imply that expression of Clg is influenced 
by EBV. 

The rapid increase in available monoclonal anti- 
bodies has made a more detailed subclassification 
of lymphomas possible. Monoclonal antibodies 
such as 38.13,4° or others recognizing more or 
less BL cell-specific antigens, will undoubtedly 
lead to an improved understanding of the taxo- 
nomic position of BL and may disclose the coun- 
terpart to the BL cell in normal lymphoid tissues. 
Such antibodies may become valuable diagnostic 
tools for immunopathologists in the differential 
diagnosis of high-grade malignant lymphomas. 
Since it is now possible to perform most cell 
marker studies in situ in cryostat sections of fresh- 
frozen tissue samples using the immunoperoxidase 
technique, the pathologist should secure and store 
frozen tissue samples whenever a case of BL is 
suspected. If stored at —70°C in air-tight packing, 
the membrane antigens can be studied years later, 
when new and relevant antibodies certainly will 
become available. 
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CHAPTER 7 


Burkitt’s Lymphoma: 


Clinical Aspects and Treatment 


Ian Magrath 


Epidemiology and Epstein-Barr Virus 
Association 


At the present time the diagnosis of Burkitt’s lym- 
phoma (BL) is made on the basis of the histologic 
and cytologic appearance of the tumor, described 
definitively by a World Health Organization 
(WHO) panel in 1969.13 It seems probable, how- 
ever, that this morphologic appearance encom- 
passes more than one pathologic entity, for a num- 
ber of differences exist between BL in Africa and 
BL in North America that are not explicable on 
the basis of racial differences alone.1+77 

BL in the high-incidence area of Africa— 
roughly 15° north and south of the equator (Figure 
7-1)—occurs in 5-15 children/100,000 and ac- 


Equator 


/ 


FiGuRE 7-1 Map showing the high-incidence area of 
Burkitt’s lymphoma in Africa (shaded area). (Repro- 
duced by kind permission of Livingston Press.) 


counts for close to one-half of all childhood cancer. 
The incidence varies quite markedly even within 
the so-called endemic area of Equatorial Africa, 
but based on the lower estimate, the disease is 
about as prevalent as acute lymphoblastic leuke- 
mia in children 3-5 years of age in the United 
States. In Europe and the United States, BL ap- 
pears to have a similar incidence, and probably 
accounts for about one-sixth of childhood lympho- 
mas, i.e., 30%-50% of non-Hodgkin’s lympho- 
mas. Because of very marked variations in diagnos- 
tic practices, precise incidence figures are difficult 
to obtain. Indeed, in various published series of 
childhood non-Hodgkin’s lymphoma, the fre- 
quency of BL varies from 19% to 57%.3545.109 
Some centers do not make the diagnosis at all. 
However, based on available information, the aver- 
age annual incidence of BL in children below 16 
years of age in western countries is about 0.1- 
0.3/100,000. This is 20- to 100-fold lower than 
the incidence in Equatorial Africa. Moreover, 
blacks appear to be underrepresented in BL series 
in the United States; for example, only about 3% 
of patients treated at the National Cancer Institute 
(NCI) and 5% of patients in the BL registry7? 
are Black. 

Whereas a difference in incidence alone does 
not necessarily indicate a difference in etiology, 
the marked geographicoclimatic dependence of 
the distribution of the tumor (Figure 7-1) in 
Africa??? has not been observed in North 
America.72 In Africa the tumor occurs only in 
areas with a mean monthly temperature above 
60°F. In East Africa this is manifested as an alti- 
tude barrier (5000 feet at the equator) above which 
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the disease does not occur. The altitude barrier 
progressively lessens as the distance from the equa- 
tor increases. BL is also rare in arid regions and 
requires a relatively uniform distribution of at least 
20 inches of rainfall throughout the year. The limi- 
tations imposed by rainfall are most obvious in 
West Africa. It was the observation of these cli- 
matic determinants which led to the suggestion 
that the disease in Africa may be spread by an 
insect vector,®! and, in view of the known viral 
etiology of a number of animal tumors, that BL 
may be induced by a horizontally transmitted vi- 
rus. 

The search for a viral etiology led directly to 
the discovery of Epstein-Barr virus (EBV)* and 
subsequently to the observation that EBV DNA 
is present in the tumor cells of some 96% of Afri- 
can cases but in only about 10%-20% of Ameri- 
can cases.4:7477 This difference is emphasized by 
the fact that only about 16%-25% of American 
patients with BL lack antibodies to EBV.72:77 Thus, 
many seropositive patients have tumors in which 
the EBV genome is not detected. This also applies 
to the small number of African EBV genome-neg- 
ative cases that have been described.1°* EBV ge- 
nome-negative and —positive Burkitt’s tumors 
must therefore differ at least with regard to the 
susceptibility of the cells to EBV infection—a con- 
tention that is supported by the lack of EBV recep- 
tors on cell lines derived from EBV genome-—nega- 
tive cases.53 It is of interest that the incidence of 
EBV genome-negative cases in Equatorial Africa 
appears to be similar to the overall incidence of 
BL in North America (approximately 0.2/ 
100,000). This is consistent with the possibility 
that EBV genome-negative [or EBV nuclear anti- 
gen (EBNA)-negative] BL occurs with similar inci- 
dence in Africa and America, and probably 
throughout the world, whereas EBV genome-posi- 
tive BL is a climate-dependent tumor that has a 
high frequency in Equatorial Africa and is ex- 
tremely rare outside Africa. 

The association of EBV with BL may be even 
more complex than suggested by the above discus- 
sion, because two other groups of patients with 
EBV DNA-containing tumors have recently been 
described. The first is North African patients, stud- 
ied in France,!°7°8 and the second is male 
homosexuals.'4° The finding of EBV DNA-con- 
taining BL in North Africa clearly calls for an 
intensive effort to study the EBV association of 
tumors from countries outside Africa, the United 
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States, and Europe. Further studies on North Afri- 
can cases to determine the incidence and to estab- 
lish whether the distribution is climate dependent 
are also clearly warranted. 

At present, the diagnosis of BL has been made 
in seven male homosexuals in North America. 
Four of 5 tumors tested contained the EBNA, 
indicating the presence of EBV DNA."4* That 
male homosexuals should develop malignant lym- 
phomas is not surprising in view of the observation 
of a profound immunodeficiency syndrome in a 
high proportion of such individuals. In its severest 
form, this syndrome results in essentially complete 
lymphopenia with consequent multiple opportun- 
istic infections. Patients with less severe degrees 
of the syndrome may develop malignant tumors, 
particularly disseminated Kaposi’s sarcoma.3° 
These patients are comparable in some ways to 
renal transplant recipients and patients with cer- 
tain forms of congenital immunodeficiency. Such 
immunodeficient individuals have a much greater 
tendency (up to 300 times) than normal individuals 
to develop malignant lymphomas.®56-77.106 Tn gen- 
eral, however, the lymphomas of congenitally or 
iatrogenically immunosuppressed patients have 
been classified as large cell or immunoblastic lym- 
phomas rather than BL, and recent evidence 
strongly suggests that the majority of these tu- 
mors result as a consequence of the escape of 
EBV-containing lymphocytes from the normally 
strict control, as a direct consequence of 
immunosuppression.”* This notion is supported by 
the similarity of some of these syndromes to fatal 
infectious mononucleosis, as well as by the poly- 
clonal nature of the lymphoproliferative process 
and the presence of EBV in the proliferating cells.53 

The relationship between lymphomas occurring 
in immunosuppressed patients with lymphoprolif- 
erative syndromes and the malignant lymphomas 
of male homosexuals remains to be seen, but it 
is worthy of note that malignant lymphomas diag- 
nosed as BL have also been described in a sex- 
linked immunodeficiency syndrome, described by 
Purtilo et al., associated with an inadequate ability 
to regulate EBV-infected cells.4!248 Further stud- 
ies are needed before it will become clear whether 
these tumors would be accepted as BL by all pa- 
thologists (the diagnosis in some of the 7 tumors 
mentioned above is disputed), or, even if this 
proves to be the case, whether they can be shown 
at a karyotypic and, ultimately, molecular level 
to be identical to other types of BL. 


7. Burkitt’s Lymphoma: Clinical Aspects and Treatment 105 
TABLE 7-1 Anti-EBV Antibodies in Patients with Various Diseases and Control Groups 
Anti-Virus Capsid Antigen Anti-Early Antigen ¢ 
Geometric Titer Geometric Titer 
Mean >1:160 Mean 21:160 
Disease No. Titer (%) No. Titer (%) 
African Burkitt’s lymphoma 391 1:376 87 295 1:111 80 
Controls 1401 1:34 12 1401 1:16 3 
Infectious mononucleosis 251 1:162 68 203 1:33 65° 
Controls 201 1:42 9 201 1:17 5 
Nasopharyngeal carcinoma 418 1:350 86 255 1:110 81 
Controls 422 1:37 12 — — — 
Hodgkin’s disease 489 1:105 40 458 1:30 30 
Controls 294 1:55 14 — — — 
Chronic lymphocytic leukemia 235 1:110 45 235 1:46 46 
Controls 116 1:51 13 116 1:25 5 


Data from Henle and Henle.®4 


* Antibodies against the EBV early antigen are predominantly against restricted (to the cytoplasm) early antigen in Burkitt’s 
lymphoma, and diffuse (throughout the cell) early antigen in nasopharyngeal carcinoma, infectious mononucleosis, Hodgkin’s 


disease, and chronic lymphocytic leukemia. 


> Other studies indicate an anti-diffuse early antigen response in as much as 85% of patients with infectious mononucleosis. 


The possibility that BL may arise preferentially 
in immunosuppressed individuals has been raised 
before in the context of African BL. The similarity 
of the distribution of BL to holoendemic malaria 
led to the suggestion that malaria predisposes to 
the development of the tumor, possibly by virtue 
of its effects on the immune system.®! This could 
explain the climatic association of BL. However, 
a causative role for another environmental agent, 
e.g., a retrovirus, cannot yet be discounted; if this 
is the case, it may well be revealed in the near 
future as numerous investigators examine BL cells 
for increased oncogene expression. 

The possibility that EBV is of etiologic impor- 
tance in EBNA-positive BL has been provided 
with little additional support in recent years. It 
has been shown that patients with African BL 
have eight- to tenfold higher geometric mean titers 
of anti-virus capsid antigen antibody levels against 
EBV, and also higher titers of antibodies to the 
early antigen (Table 7-1), especially the restricted 
component;54 however, this could be a conse- 
quence of immunosuppression induced by the tu- 
mor,7®79 or of the presence of EBV antigens (re- 
gardless of any etiologic role) in the tumor cells. 
The latter may also explain the correlation of anti- 
body (to early antigen) titers with clinical course 
in African patients.54-84 It is possible that individu- 
als destined to develop BL are less able to “con- 
tain” EBV infection. Some support for this possi- 
bility is provided by the results of a prospective 


study in Uganda, which demonstrated higher anti- 
EBV antibody levels in individuals who later devel- 
oped BL than in controls. Although this was inter- 
preted as indicating an etiologic role for EBV,*® 
it is also possible that this reflects relative immuno- 
logic “deficiency” in such patients (including a 
lack of suppressor cells for EBV-infected cells or 
for EBV-antibody-producing cells) and a resultant 
predisposition to BL. African children have a sero- 
conversion to EBV seropositivity much earlier than 
controls in the United States5 (Figure 7-2); 
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FIGURE 7-2 Anti-virus capsid antigen (of EBV) titers 
in East African children and American children from 
different social strata. The differing age dependency of 
seroconversion in the three groups is well demonstrated. 
Whether early seroconversion predisposes to EBNA- 
positive Burkitt’s lymphoma or simply reflects the socio- 
economic status of the population at risk is not known. 
(Data from Henle and Henle,** with permission.) 
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however, in the context of the high frequency 
of EBNA-positive BL in Africa, the significance 
of this finding remains speculative. 

Thus the case for EBV remains unproven, and 
it is likely that this question will not be resolved 
until molecular studies unravel the influence of 
the EBV genome on the behavior of BL cells or 
demonstrate an alternative molecular mechanism 
pertinent to pathogenesis. This issue is discussed 
further below. EBV antibodies are not of diagnos- 
tic value since elevated levels may occur in a vari- 
ety of situations, especially immunosuppression. 
Furthermore, in the United States some patients 
with BL remain seronegative. 


Immunological Characteristics and the 
Normal Counterpart Cells of BL 


BL is classified as a “B-cell” tumor because it 
expresses surface immunoglobulin. This is almost 
always of the IgM class, although the presence 
of additional heavy chain classes (gamma and al- 
pha) on the surface has been described, and rare 
tumors express only gamma or alpha.®° The tu- 
mors are monoclonal—as evidenced by expression 
of a single glucose-6-phosphate dehydrogenase 
isoenzyme in female heterozygotes‘? and by the 
expression of either kappa or lambda light chains. 
The proportion of kappa to lambda tumors is 
about 3:1, similar to that of kappa-to-lambda ex- 
pression by lymphocytes in peripheral blood. Some 
tumors which fail to express surface immuno- 
globulin, but which express cytoplasmic immuno- 
globulin only, have been described. These tumors, 
although morphologically indistinguishable from 
BL have, by definition, pre-B rather than B-cell 
characteristics. The cell line “Raji’’ derived from 
a West African BL appears to express predomi- 
nantly cytoplasmic immunoglobulin, but under 
certain circumstances can switch to pure surface 
immunoglobulin synthesis.4* This suggests that 
BL is the neoplastic counterpart of a very early 
B-lymphocyte, rather than the equivalent of a 
transformed lymphocyte or immunoblast. The 
neoplastic expression of the immunoblast is proba- 
bly the large cell lymphomas, some of which are 
designated “immunoblastic lymphoma,” and 
which have been known in the past as reticulum 
cell sarcoma or, in the Rappaport classification 
scheme, “‘diffuse histiocytic lymphoma.”’?6 
BL—even those rare tumors with pre-B cell 
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characteristics‘+®—does not express terminal de- 
oxyribonucleotide transferase (tdT). This clearly 
differentiates this disease from acute lymphoblastic 
leukemia with pre-B characteristics, which essen- 
tially invariably expresses tdT.”° It is of interest 
that after birth pre-B cells are concentrated mainly 
in the bone marrow (where they account for I- 
4% of marrow lymphocytes in adults and probably 
more in children), and that the majority of normal 
pre-B cells do not express tdT.15 A small subpopu- 
lation (about 1%) of pre-B cells is tdT positive.>” 
Since non-T acute lymphoblastic leukemia (which 
expresses tdT) has been shown to possess rear- 
ranged immunoglobulin genes and therefore to be 
the neoplastic counterpart of cells committed to 
B-cell differentiation,® it seems probable that tdT 
positive B-cell precursors are the normal counter- 
part cells of common acute lymphoblastic leuke- 
mia, whereas tdT negative pre-B cells and the earli- 
est surface immunoglobulin-bearing cells are the 
normal counterparts of BL, which usually ex- 
presses surface immunoglobulin. A _ proposed 
schema of the neoplasms of early B-cells is shown 
in Figure 7-3. 

It is known that the earliest B-cells (ie. by 
definition, surface immunoglobulin-bearing cells) 
express IgM, and that as they differentiate and 
complement, EBV and Fc receptors can also be 
detected on the cell surface.147?7 This step—the 
development of EBV receptors—may be as crucial 
to the distinction between African and American 
BL as is tdT to the distinction between “lympho- 
blastic” malignancies (including leukemia and 
lymphoma) and BL. Although no conclusions can 
be drawn regarding the possible etiological role 
of EBV in African (or, more specifically, EBNA 
positive) BL, the almost complete lack of EBV 
receptors in American BL—deduced by the lack 
of such receptors in derived cell lines rather than 
direct measurements—must surely account for the 
absence of EBNA or evidence of EBV DNA in 
this tumor.*4-7683 Cell lines derived from African 
BL express EBV receptors, as would be 
anticipated.®8 

One apparently discordant characteristic of 
American versus African derived cell lines de- 
tected recently is that quite large quantities of IgM 
have been shown to be secreted by American lines, 
but not African.1! This is not an in vitro artifact, 
since fresh tumor cells from American patients 
also secrete IgM and, moreover, monoclonal IgM 
bands have also been demonstrated in the serum 
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FiGurE 7-3 Probable differ- 
entiation sequence of B-cell pre- 
cursors and early B-cells and 
their presumptive relationship 
to acute lymphoblastic leukemia 
and Burkitt’s lymphoma. 


Cell committed to B-cell 
differentiation 


tdT positive 
pre B-cell 


tdT negative 
pre B-cell 


Early B-cell 


Early B-cell 


of patients with extensive BL or Burkitt’s cell 
leukemia.® Although this would at first sight ap- 
pear to indicate an origin from a more differenti- 
ated cell type, this may not be the case, since even 
pre-B cells have been shown to secrete free heavy 
chains.” Further characterization of the earliest 
normal B-cells is required before the significance 
of this finding becomes apparent. 

Although surface IgM is by far the predominant 
surface immunoglobulin isotype, since BL occurs 
so commonly in the bowel, especially in American 
patients, it is tempting to speculate that the cells 
may be neoplastic transformants of cells ultimately 
destined to become IgA-secreting cells of the gut- 
associated lymphoid tissue. Only studies of differ- 
entiation induction, or possibly of immunoglobulin 
gene rearrangements, may provide an answer to 
this question. 

Other surface markers of BL cells which do 
not differ in African and American tumors include 
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Immunological Neoplastic 
Characteristics Counterpart 
tdT positive Common 
[no expression of Ig] acute 
cALLA, DR lymphoblastic 
leukemia 
tdT positive Pre-B acute 
cytoplasmic lymphoblastic 
py chains leukemia 
cALLA, DR (or lymphoma) 
Cytoplasmic Rare cases 
yw chains Burkitt's cell 
cALLA, DR leukemia or 
lymphoma 
Surface IgM Burkitt's 
cALLA + or —- lymphoma 
DR (EBNA negative) 
No C3, EBV 
or Fc receptors 
Surface IgM (weak) Burkitt's 
cALLA + or - lymphoma 
DR (EBNA positive) 


C3, EBV and sometimes 
Fc receptors 


the common acute lymphoblastic leukemia anti- 
gen, cALLA, which is present in approximately 
50% of cases, HLA and DR locus antigens, 
B-2-microglobulin, and several other B-cell anti- 
gens including BAI and BI.1-99-94 


Cytogenetics 


Whereas a case has been made for separating Bur- 
kitt’s lymphoma into EBV DNA positive and neg- 
ative subtypes, certain karyotypic abnormalities 
are common to both these tumors.%®-134 The most 
frequent of these is a reciprocal translocation in- 
volving the long arm of the eighth chromosome 
(8q—) (Figure 7-4). Chromosome banding tech- 
niques have demonstrated the consistancy of the 
break point on chromosome 8 (band q24), and it 
has been suggested that this particular karyotypic 
abnormality may be essential to the genesis of 
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Heavy Chains 
q24 ( 432 

VU 

14 


qi Lambda 
22 


FIGURE 7-4 Schematic diagram showing karyotypic 
abnormalities in Burkitt’s lymphoma. Band regions of 
break points are indicated. Modified from Rowley.1!8 


BL.§7118 Some cases of BL have been described 
in the United States, however, in which this abnor- 
mality was not present,3*°9 and further, even when 
present it is not identified in all mitoses.54 How- 
ever, only a few mitoses of variable quality are 
available from most fresh tumors, so the transloca- 
tion may be overlooked in some cells. 

The 8q— is most frequently associated with the 
addition of chromatin to the long arm of chromo- 
some 14 (14q+), ie., there is an 8:14 translocation 
(t8:14). Translocations involving chromosomes 2 
and 22 have also been described (in both EBV 
DNA positive and negative cases) in about 20% 
of cases studied in France.'©!7-109 The recent dem- 
onstration that the heavy chain immunoglobulin 
genes are located in the q32 region of 14q—pre- 
cisely the observed break point in BL®*—while 
kappa genes are located on chromosome 2 (band 
p12-13) and lambda genes on chromosome 22 
(band q 11)*!-8789 cannot be mere coincidence in 
a B-cell tumor. These findings are particularly ex- 
citing in view of recent progress in the understand- 
ing of oncogenes.® It is possible to hypothesize, 
for example, that an oncogene resides in chromo- 
some 8 which, when activated in a specific type 
of lymphoid cell, gives rise to BL. The activation 
could be a result of the chance insertion of viral 
information, whether of EBV or retrovirus origin, 
adjacent to the oncogene with consequent promo- 
tion of oncogene transcription, or of the transposi- 
tion of an active promotor region from another 
chromosome onto chromosome 8, upstream (5}) 
of the ocogene. It is tempting to speculate that 
immunoglobulin gene enhancers, which are clearly 
active in differentiating B cells, may be translo- 
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cated from chromosomes 14, 2, or 22 to chromo- 
some 8. Support for this possibility has recently 
been obtained by Erikson and colleagues, who have 
shown translocation of immunoglobulin variable 
region genes onto chromosome 8 in Daudi cells.4? 
Alternatively, an oncogene from chromosome 8 
may be moved to a chromosomal region being 
actively transcribed, i.e., the region of the immu- 
noglobulin genes on one of the other three 
chromosomes.! 

The alternative, but less likely, possibility —that 
these karyotypic changes are secondary rather 
than primary—must be considered. It would not 
be difficult to envisage a heightened susceptibility 
to chromosomal breakage at specific regions in 
specific cell types (depending upon recombina- 
tional events which are in progress by virtue of 
normal differentiation). Again, the frequent in- 
volvement of immunoglobulin genes in B cell tu- 
mors would be quite consistent with this possibil- 
ity, particularly since it is known that genetic 
rearrangement of immunoglobulin genes occurs 
during differentiation.?’ Studies of these possibili- 
ties and being pursued in a number of laboratories, 
aided considerably by the large number of cell 
lines available from BL. 


Cytokinetic Considerations 


BL is one of the most rapidly proliferating human 
neoplasms. This is borne out both by the generally 
short duration of symptoms (weeks or, at most, 
months) prior to presentation, the rapid progres- 
sion which can occur even in the course of a few 
days while under medical observation, and both 
in vivo and in vitro measurements of cellular prolif- 
eration. In in vivo studies of the growth of subcuta- 
neous masses, a mean actual doubling time of 66 
hours (range 38-117 hr) was measured.®* In in 
vitro studies of thymidine uptake a potential dou- 
bling time of 26 hr (range 12-70 hr) was 
observed.*® The difference between potential and 
actual doubling time was accounted for by a high 
spontaneous cell-loss rate of about 70%. This is 
also quite consistent with the high propensity to 
pretreatment uric acid nephropathy from cell lysis 
in patients with extensive BL. 

DNA content histograms indicate that up to 


1 N.B.: Since this chapter was completed, it has been shown 
that the c-myc oncogene resides on chromosome 8(q24 — ter) 
and is actually translocated in at least some cases into the 
immunoglobulin heavy chain constant region. The expression 
of c-myc has also been shown to be slightly increased, i.e., 
2-5-fold, compared to normal lymphoblastoid cell lines. 
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27% of cells may be in S-phase, while labeling 
indices of between 20% and 60% have been 
reported.!9°3 Thus, the growth fraction in BL is 
extremely high (essentially 100%), a factor which 
may account both for the dramatic initial re- 
sponses to chemotherapy which are observed and 
also the long-term remissions—almost certainly 
cures—which are now seen in a high proportion 
of patients with BL, including some with very ex- 
tensive disease. 


Clinical Characteristics 


Age and Sex Distribution 


BL occurs predominantly in young people. In Af- 
rica the peak incidence is between 5 and 10 years 
of age,”® and in the United States it is quite similar, 
although there is a rather broader peak between 
4 and 12 years of age according to the NCI BL 
registry.72 The tumor is more common in males, 
the overall male to female ratio being 2:1 in Af- 
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rica,26 2-3:1 in the United States,?2?? and 3.7:1 
in France.!° Certain sites of involvement occur 
more frequently in one or the other sex, or at 
certain ages, but these findings are not consistent 
between Africa and the United States. For exam- 
ple, jaw tumors are relatively more frequent in 
young males in Africa,24 whereas in the United 
States they are relatively more common in older 
females.'?! Involvement of the bowel in the right 
iliac fossa (i.e., in the terminal ileum or cecum) 
is a common presentation of children and adoles- 
cents in the United States, but occurs six times 
more frequently in males.®8 Breast involvement oc- 
curs predominantly during or after the second 
decade. #25 


Anatomic Distribution 


BL predominantly involves extranodal sites in 
both African and non-African cases, although sig- 
nificant differences may be observed in the relative 
frequency of involvement of various sites between 
Africa and other countries (Table 7-2).”7 In Af- 


TABLE 7-2 Comparison of Disease Sites at Presentation in African and 


American Burkitt’s Lymphoma Patients 


African American 
Site? No. % No. % 
Abdomen (all) 130 58 78 91 
Ascites — 19 = (39) 
Hepatosplenomegaly 25 «11 156 
Right iliac fossa mass — 8 (17) 
Bowel — 26 = (54) 
Stomach — 4 (8) 
Ovary — 7 (5) 
Kidney — 7 (15) 
Retroperitoneum — 8 (17) 
Pelvis — 13. (15) 
Unspecified — 30. (38) 
Pleural effusion 7 3 16 19 
Bone marrow 16 7 17 20 
Peripheral nodes 9 4 11 13 
Bone 18 8 8 9 
Cerebrospinal fluid/Central Nervous System 43. 19 12 14 
Paraspinal 38 0617 2 2 
Testis 4 2 5 6 
Pharynx 0 0 9 10 
Jaw 136 058 6 7 
Mediastinum 1 0.5 3 3 
Orbit 25 11 1 1 
Other® 380 «17 7 15 
Total patients 224 86 


* Many patients had multiple sites of disease. 
5 Percentage of those with abdominal involvement is indicated in parentheses. 
© Includes thyroid, breast, skin, shoulder, and thigh. 
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rica, jaw involvement is very common and gives 
rise to characteristic clinical findings that led to 
the original recognition of the syndrome through- 
out Equatorial Africa in the late 1950s.?? Jaw tu- 
mors are more common in males and in young 
children in Africa; for example, almost all children 
of 3 years with BL have jaw tumors. The precise 
site of origin of jaw tumors is not known, but 
typically there is involvement of the developing 
premolar and molar teeth, resulting in the charac- 
teristic radiologic appearance with early loss of 
lamina dura, widening of the dental papillae, and 
lytic changes in surrounding bone.” Clinically, 
the teeth tend to be loose and may be displaced 
or even lost, sometimes followed by premature 
eruption of permanent teeth. The expansile lesion 
causes gingival and sometimes gross facial swell- 
ing, but ulceration through the skin is extremely 
rare unless surgical intervention is attempted. In 
Africa the maxillae are involved about twice as 
often as the mandibles when clinical examination 
is the sole criterion, although radiologically, fre- 
quency of involvement is similar. Multiple jaw 
quadrant involvement is seen by x-ray examination 
in up to 80% of patients with jaw involvement.”6 
These features differ quite considerably from those 
of the relatively small number (7%-18%) of 
American patients with jaw tumors.12? Adult 
American patients usually present with toothache, 
often leading to a diagnosis of abscess and conse- 
quent antibiotic treatment. Children may have 
loose teeth, but the jaw tumors are rarely as exten- 
sive as in Africa, mandibular involvement is more 
frequent than maxillary, and multiple jaw quad- 
rant involvement is uncommon (Table 7-3). In 
addition, there is no age dependency of jaw tu- 
mors, nor is there greater frequency in males in 
American patients. In fact, jaw tumors occur rela- 
tively more frequently in adult females. 

Orbital involvement is also relatively common 
(18% of facial tumors) in African patients; it has 


TABLE 7-3 Clinical and Radiologic Findings in 18 
American Patients with Jaw Tumors 


No. of 

Tumor Patients 
Single mandibular tumor 7 
Single maxillary tumors 5 
Bilateral mandibular tumors 4 
Four jaw quadrant tumors 2 
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been suggested that in these patients it arises by 
direct invasion from maxillary tumor. This is not 
always the case, however, for orbital involvement 
may be unassociated with clinical jaw involvement 
or any bony changes on x-ray. The tumor remains 
extraocular until it is very advanced.?6 Outside 
Africa, orbital involvement is extremely rare. We 
have seen only one case in 86 patients in the NCI 
Pediatric Oncology Branch series. Involvement of 
the salivary glands and thyroid is also seen occa- 
sionally in African patients?* but very rarely in 
the United States. 

In both Africa and the United States, intra- 
abdominal disease is very frequent.2+77 In Africa 
this more often involves the retroperitoneum, mes- 
entary, and omentum than the bowel itself, so that 
presentation as intussusception, perforation, or in- 
testinal obstruction is rare, whereas in the United 
States about 20% of patients have such pre- 
sentations.58 

The kidneys, and in females, the ovaries, are 
quite frequent sites of involvement; the adrenals, 
pancreas, and liver are involved less often, and 
the spleen, rather uncommonly. Ascites is often 
present due to peritoneal infiltration. Obstruction 
of the inferior vena cava or iliac vessels can occur, 
and this may produce marked dependent edema 
of the lower limbs because of additional obstruc- 
tion to collateral vessels. Involvement of the phar- 
ynx has not been described in Africans but occurs 
occasionally in American patients. Sometimes it 
presents merely as tonsillar enlargement, whereas 
on other occasions it is severe enough to threaten 
acute airway obstruction. 

Central nervous system (CNS) involvement, 
manifested as meningeal infiltration with malig- 
nant pleocytosis in the cerebrospinal fluid, cranial 
nerve palsies, or epidural mass with cord compres- 
sion (usually unassociated with bony changes), oc- 
curs in about 30% of African patients at presenta- 
tion and about 20% of American patients (Table 
7-2).12 Paraspinal soft tissue masses may be de- 
tected radiologically.33 Epidural tumor leading to 
cord compression, a presenting feature of 15% 
of African patients, is rare in American patients. 
It is of interest that at presentation malignant cere- 
brospinal fiuid pleocytosis is documented in only 
some 25% of African patients who present with 
cranial nerve palsies and possibly a similar fraction 
of American patients, although numbers are too 
small to be sure. At relapse the two findings are 
associated about 75% of the time. Diffuse infiltra- 
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tion of the brain or the development of brain 
masses is uncommon but has been documented 
at relapse, usually after repeated CNS recur- 
rences.®? 

In American patients, CNS disease at presenta- 
tion is associated with bone marrow involvement 
in 67% of cases.122 Most patients with CNS in- 
volvement have extensive disease elsewhere, al- 
though occasionally this is not the case. One of 
our patients had cervical lymphadenopathy and 
CNS disease, and another had only a pharyngeal 
mass. We have not seen CNS disease at any time 
in 15 patients with completely resected tumors, 
although nearly all had CNS prophylaxis.1?? In 
Africa, CNS disease is often associated with extra- 
abdominal (usually jaw) tumors, and rarely with 
bone marrow infiltration. 

A variety of other sites may be involved, includ- 
ing the pleurae—with resultant effusions (evidence 
of intrapulmonary involvement prior to death is 
extremely rare)—testes, and bone marrow. The 
greater frequency of bone marrow involvement in 
American patients compared to African patients 
is reflected both at presentation, where marrow 
involvement is about three times as common, and 
at relapse.86 Whereas in Africa marrow involve- 
ment occurs in less than 10% of patients even 
after multiple relapses, about 66% of American 
patients who relapse ultimately develop bone mar- 
row involvement. Peripheral lymph node involve- 
ment is not common but can be the site of presenta- 
tion in up to 20% of patients outside Africa. This 
mode of presentation occurs in less than 1% of 
African patients.2° Bone (single or multiple), peri- 
cardial (with effusion), or even myocardial and 
breast involvement occur occasionally in both Af- 
rica and elsewhere. 


Burkitt’s Cell Leukemia (L3 Acute Leukemia) 


The presentation of BL outside Africa with gener- 
alized lymphadenopathy, diffuse bone marrow in- 
filtration, and hepatosplenomegaly, often with cir- 
culating tumor cells but without mass lesions in 
other organs, has also been classified as acute lym- 
phoblastic leukemia of the Ls subgroup (using the 
French-American-British designation). The Ls 
subgroup is characterized by blast cell morphology 
indistinguishable from BL.1? This disease, because 
of its rarity, has not been well characterized, but 
the surface characteristics (the most important be- 
ing immunoglobulin which is essentially always 
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IgM) and karyotypic findings (t8:14 or 14q+ ab- 
normalities have usually been detected when 
sought) are also indistinguishable from those of 
BL.15-4464.115 Rare cases that lack surface immuno- 
globulin but express cytoplasmic immunoglobulin 
have been described.*4 It would seem appropriate 
at present to consider this presentation as simply 
a varient of BL rather than acute lymphoblastic 
leukemia.?? The biologic characteristics of the cells 
that result in specific patterns of anatomic distribu- 
tion have yet to be defined, but there is no reason 
to assume that the designations “leukemia’’ and 
“lymphoma” signify generic differences, although 
the anatomic location may indicate that there are 
qualitative and/or quantitative differences in cell 
biology between this and BL presenting in the ab- 
domen. Diffuse marrow involvement presumably 
also signifies a high tumor burden. 

The very poor prognosis usually seen in patients 
with Ls or BL cell leukemia may not differ greatly 
from the prognosis of other patients with very ex- 
tensive tumor, although considerably more data 
are needed to establish this. Therefore, whether 
or not the biologic differences in the tumor cells 
result in a different response rate to chemotherapy 
remains to be seen. 


Staging 


The value of staging as a means of separating dif- 
ferent prognostic groups is clear. Unfortunately, 
comparison of treatment results obtained in differ- 
ent centers is marred by the use of different staging 
schemes. In malignant lymphomas the prototype 
staging systems are those devised for Hodgkin’s 
disease; the importance of radiotherapy in its man- 
agement has rendered detection of all sites of dis- 
ease of critical importance. The value of staging 
as a prognostic indicator in Hodgkin’s disease is 
much less apparent now than 10 years ago, because 
advances in treatment have so markedly improved 
results that even patients with advanced disease 
can enjoy prolonged survival.116 Nonetheless, as 
long as radiotherapy continues to be used as the 
sole treatment modality in Hodgkin’s disease in 
at least some patients, or different stages are 
treated differently, detailed staging will continue 
to be essential to good management. 

There are a number of differences between 
Hodgkin’s disease and BL, however, which have 
important implications for the most appropriate 
staging scheme. The first is that radiotherapy has 
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a small role at best in the management of BL, 
therefore, precise staging is less important in its 
management. The second is that BL is predomi- 
nantly extranodal, whereas Hodgkin’s disease is 
a disease of lymph nodes. Thus, whereas well-char- 
acterized patterns of spread in Hodgkin’s disease 
assist with regard to the planning of both a rational 
investigation of disease extent and radiotherapeu- 
tic strategems, in BL neither applies. It would seem 
then, that Hodgkin’s disease staging systems do 
not represent a good model for BL. 

There is good evidence that prognosis in BL 
is largely dependent upon the total tumor 
burden.*4 Thus, staging systems should emphasize 
tumor burden rather than disease sites (although 
the two cannot be completely separated). In Af- 
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rica, a very clear distinction can be drawn between 
patients who present with jaw tumors alone (small 
tumor burden) and those with intra-abdominal dis- 
ease (large tumor burden) whether or not this is 
associated with jaw tumors.®!-1°3 This is reflected 
in most of the staging schemes that have been 
proposed for African BL (Table 7-4). Further re- 
finement of these two major divisions led to the 
staging system proposed originally by Magrath et 
al. (Table 7~4),81158 which also took account of 
the excellent prognosis enjoyed by patients in 
whom all abdominal disease was surgically re- 
sected prior to chemotherapy. 

Although CNS and bone marrow involvement 
have been considered in both Africa and the 
United States to signify a poor prognosis, with 


TABLE 7-4 Staging Schemes for African Burkitt’s Lymphoma 


Author? Stage 


Definition 


Morrow et al. 
diaphragm 


I One anatomic region involved; two contiguous regions on same side of 


II Two or more noncontiguous regions; more than two contiguous regions 
(in both cases, on one side of the diaphragm) 
III Intrathoracic, intra-abdominal, intracranial, or bone marrow involvement, 
or anything more than I or II 


Clifford et al. 


I One anatomic area involved 


II Two contiguous areas; two or more areas on the same side of the dia- 


phragm 


III Both sides of the diaphragm or bone marrow involvement 


IV CNS involvement 


Ziegler et al. I Single facial tumor 


II Two or more separate facial tumors 
III Intrathoracic, intra-abdominal, paraspinal, or osseous tumor (except fa- 


cial) 


IV CNS (malignant cells in the cerebrospinal fluid) or bone marrow involve- 


ment 


Ngu 


I One jaw quadrant involved 


II Two or more jaw quadrants involved 
III Intra-abdominal or osseous tumor 
IV CNS (brain, cord, or meninges) involvement 


Williams 


I Tumors above clavicular line without cranial or spinal neuropathies 


II Tumors below clavicular line without cranial or spinal neuropathies 
III Cranial or spinal neuropathies or osseous tumors 
IV CNS or bone marrow involvement or death within 2 weeks 


Magrath et al.8> 


I Single extra-abdominal tumor 


II Multiple extra-abdominal tumors 
III Intra-abdominal tumor with or without a single jaw tumor 
IV Intra-abdominal tumor with extra-abdominal sites other than a single 


jaw tumor 


IR Completely resected intra-abdominal tumor without extra-abdominal tu- 


mor 


* For source material see Ziegler and Magrath,}8* from which this table is adapted. 
» Designations subsequently modified to A, B, C, D, AR (see Ziegler and Magrath'**). ABCD system is 


used in this chapter. 
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TABLE 7-5 Staging Schemes for non-African Burkitt’s Lymphoma 


Author Stage Definition 
Wollner et al.152 I One site 
II Two or more sites either above or below the diaphragm 
III Two or more sites above and below diaphragm; extensive intratho- 
racic involvement; extensive intra-abdominal involvement 
IV CNS or bone marrow involvement 
Murphy et al.°2 I Single tumor (extranodal) or single anatomic area (nodal) apart 


II 


Ill 


from mediastinum or abdomen (extranodal) 

Single tumor (extranodal) with regional node involvement; two 
or more nodal areas on the same side of the diaphragm; two 
single (extranodal) tumors with or without regional node involve- 
ment on the same side of the diaphragm; primary gastrointestinal 
tumor (usually ileocecal) with or without involvement of associ- 
ated mesenteric nodes only 

Two single tumors (extranodal) on opposite sides of the dia- 
phragm; two or more nodal areas above and below the diaphragm; 
all primary intrathoracic tumors (mediastinal, pleural, thymic); 
all extensive primary intra-abdominal disease; all paraspinal or 
epidural tumors regardless of other sites 
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IV Any of the above with initial CNS or bone marrow involvement 


Wollner et al.!32; Murphy.°! 


intrathecal therapy many African patients with 
CNS disease can achieve long-term survival.!45 Pa- 
tients with extraabdominal disease and CNS in- 
volvement, for example, have a good prognosis, 
although patients with extensive intra-abdominal 
disease and CNS involvement have a very poor 
prognosis.§+-193.138 Furthermore, since diffuse bone 
marrow involvement is very uncommon in African 
patients and its importance as a prognostic deter- 
minant in any case appears to be similar to that 
of CNS disease, the presence of either bone mar- 
row involvement or CNS disease per se does not 
appear to characterize the worst prognostic group 
(highest stage).® In the United States, the impor- 
tance of bone marrow involvement as a prognostic 
determinant is also somewhat confused by the arbi- 
trary distinctions between leukemia and lym- 
phoma which have been applied; these are based 
upon the extent of bone marrow involvement. In 
many centers, patients with greater than 25% blast 
cells in the bone marrow are diagnosed as having 
leukemia and are excluded from descriptive series 
or therapeutic studies®-132 Nonetheless, patients 
with bone marrow involvement do appear to have 
a poor prognosis. 

The tendency in the United States to lump all 
childhood malignant lymphomas together as 
“non-Hodgkin’s lymphoma’ (particularly before 
the descriptions of lymphoblastic lymphomas of 
T cell origin) has also very much clouded the issue 


of the importance of bone marrow or CNS disease 
in BL.®? The two main staging schemes for child- 
hood non-Hodgkin’s lymphoma (Table 7-5) are 
in fact based upon prognostic factors for both T 
cell (lymphoblastic) and B cell (undifferentiated 
and diffuse histiocytic) lymphomas, which are very 
different tumors in terms of their clinical 
behavior.77-92.182 Jt is therefore perhaps surprising 
that these staging schemes—modified from Hodg- 
kin’s disease and applied to both B and T cell 
lymphomas—have shown as much clinical rele- 
vance as they have in BL. It now behooves us 
to develop rational staging schemes for individual 
pathologic entities, based upon prognostic factors 
for that specific entity. Even the scheme derived 


TABLE 7-6 Proposed Staging Scheme for American 
Burkitt’s Lymphoma 


Stage Definition 


I Single extra-extra-abdominal site 
IR Resected (>90%) intra-abdominal tumor 
II Multiple extra-abdominal sites excluding bone 
marrow and CNS 
III Unresected intra-abdominal disease; intra- and ex- 
tra-abdominal disease (except bone marrow); ex- 
tra-abdominal sites including bone marrow and/ 
or CNS 
IV Intra-abdominal and bone marrow involvement re- 
gardless of other sites 
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for African BL may not be appropriate for BL 
in other parts of the world. A proposed staging 
system for EBNA-negative BL, based on the re- 
sults obtained at the NCI Pediatric Oncology 
Branch, is shown in Table 7-6. 


Investigations 


In investigating the patient with suspected or veri- 
fied BL, several considerations should be borne 
in mind. First, it is essential to determine the pres- 
ence of potentially life-threatening complications 
resulting from compressive or obstructive lesions, 
or the presence of tumor involvement of sites that 
could lead to permanent physical disability if not 
dealt with as a medical emergency (Table 7-7). 
The major complications of this kind are airway 
obstruction from pharyngeal tumor, massive 
bleeding from ulcerated lesions of the gastrointesti- 
nal tract, or the presence of CNS disease involving 
cranial nerves, meninges, brain parenchyma, or 
epidural tumor causing spinal cord compression. 
In addition, the state of hydration, renal function, 
and the presence of renal tract obstruction must 
be immediately assessed because of the high inci- 
dence of uric acid nephropathy in patients with 
extensive disease. At the earliest possible time, it 
is important to initiate definitive diagnostic studies 
(i.e., histologic and, where possible, immunologic 
examination of tumor tissue) if these have not al- 
ready been done; in patients with extensive tumor, 
delays caused by the processing of biopsy material 
must be kept to an absolute minimum. Special 


I. Magrath 


studies on tumor cells may be required to establish 
the diagnosis with certainty. The most important 
of these are the demonstration of surface immuno- 
globulin, the lack of terminal deoxynucleotidyl 
transferase (a hallmark of T cell lymphoblastic 
lymphoma), and the presence of specific cytoge- 
netic abnormalities (see above).3%77-88.134 

Investigations to determine the extent of tumor 
include, as always, a good history and physical 
examination. In most cases, the physical examina- 
tion alone will reveal whether the tumor burden 
is large or small; and physical examination—sup- 
plemented by examination of the cerebrospinal 
fluid and bone marrow, assessment of urine output, 
biochemical parameters of renal and liver function, 
and a blood count—is sufficient to permit good 
medical management although this does not repre- 
sent optimal care. Frequently, in developing coun- 
tries, sophisticated imaging techniques are not 
available, and the above studies may then comprise 
the complete extent of the investigation. Even in 
such countries, however, a chest x-ray and intrave- 
nous pyelogram, to exclude mechanical obstruc- 
tion to urinary outflow, would normally be per- 
formed; where available, more sophisticated 
imaging techniques can add considerably to the 
delineation of tumor sites. 

Of the various imaging techniques available, 
perhaps the most useful in BL is the gallium scan 
(Figure 7-5). Gallium is taken up rapidly and av- 
idly by BL. In a recent review of over 40 cases 
of B cell lymphomas in young people seen at the 
NCI®, in which multiple imaging studies were 


TABLE 7-7 Some Complications of Lymphomatous Infiltration or Compression Requiring Immediate 


Intervention 


Tumor Location 


Potential Complication 


Management 


Pharynx Airway obstruction 
Esophagus or stomach 
Small bowel 

tion; bleeding 


Large bowel 


Urogenital tract 


Epidural Paraplegia 
Pericardial or myocardial Tamponade 
Bone marrow Pancytopenia 


Retroperitoneum 


Dysphagia, bleeding 
Intestinal obstruction; intussuscep- 


Intestinal obstruction; bleeding 


Ureteric obstruction; renal failure 


IVC® occlusion; pulmonary embolus 


Tracheostomy, ST? 

?Surgery, blood transfusion, ST 

Surgery (antibiotics), blood 
transfusion, ST 

Surgery (antibiotics), blood 
transfusion, ST 

Hydration, ?dialysis, ST 

Radiotherapy, ?laminectomy, 


Pericardiocentesis, ST 

Blood component transfusions, 
antibiotics, ST 

IVC balloon/umbrella, ST 


* ST: specific therapy. 
> IVC: inferior vena cava. 
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Ficure 7-5 Gallium scan in an 18-year-old female 
patient showing involvement of breasts, mediastinal 
nodes, abdomen, and pelvis. (a) Anterior view; (b) poste- 
rior view. 


performed at the time of presentation, it was ob- 
served that abnormalities were not detected in the 
abdomen by other imaging procedures in the ab- 
sence of abnormalities on the gallium scan. Thus, 
computerized axial tomography (CAT scan) and 
ultrasound examinations may be avoided in this 
circumstance and used only to obtain further spe- 
cific information concerning the extent or location 
of intra-abdominal or, rarely, intrathoracic or in- 
tracranial masses.®!24 Ultrasound is particularly 
useful for determining the presence of hydrone- 
phrosis secondary to ureteric obstruction; it is also 
more useful than the standard CAT scan or liver-— 
spleen scan for detecting intrahepatic masses, al- 
though a CAT scan in conjunction with modern 
liver-spleen contrast materials may be as good. 
Ultrasound may provide better imaging than a 
CAT scan in small children, who usually lack suffi- 
cient retroperitoneal fat for adequate radiographic 
delineation of intra-abdominal viscera.®*124 BL tu- 
mor masses frequently appear as cystic structures 
on gray-scale ultrasound examinations because of 
their marked echolucency and homogeneity. !4 
The precise anatomic localization possible with 
CAT scans, particularly in older individuals, 
makes this study especially useful when a determi- 
nation must be made as to whether the likelihood 
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that intra-abdominal disease can be completely re- 
sected warrants laparotomy. The CAT scan is also 
the most precise means of delineating intrathoracic 
disease, and both CAT scan and ultrasound may 
detect pleural effusions or ascites when present 
in only very small quantities. 

In general, lymphangiography has not been 
widely used in childhood lymphomas because 
these tumors are predominantly extranodal. Fur- 
thermore, any advantage of lymphangiography 
over CAT scan, for example, in detecting minimal 
lymph node disease, is obviated by the relatively 
trivial clinical significance of such a finding com- 
pared, for example, to its importance in Hodgkin’s 
disease. 

Other studies may be done in specific circum- 
stances. Barium studies and endoscopy provide 
the best means of precisely delineating bowel in- 
volvement and ulceration but are not performed 
routinely. Liver-spleen scan has nothing to add 
to the above investigations, and bone scan will 
only increase the definition of bone lesions that 
are also detected by gallium. In the presence of 
CNS symptomatology and physical signs, a head 
CAT scan or myelogram may be indicated. 


Tumor Markers 


Perhaps the most useful and readily available bio- 
chemical indicator of tumor burden in BL is the 
total lactate dehydrogenase (LDH) level.'*° This 
correlates significantly with clinical stage at pre- 
sentation (Figure 7-6), and a progressive rise in 
a patient with previously normal levels may ante- 
date clinical evidence of relapse. Since LDH is 
nonspecific, its significance is greatest when unac- 
companied by elevations in transaminases and 
when there is a clear, progressive trend. The pro- 
portions of LDH isoenzyme fractions in BL cells 
approximate those of B lymphocytes,!® and the 
overall pattern can clearly be distinguished from 
T lymphocytes (fraction 5 is proportionately 
higher than 1 in B cells, vice versa in T cells); 
however, isoenzyme fractionation of serum LDH 
is unlikely to be of diagnostic significance because 
the tumor pattern is superimposed and partially 
obscured by the underlying normal serum pattern. 
Occasionally, however, isoenzyme fractionation 
may be of value to distinguish tumor LDH from 
liver or red cell LDH. The possible value of the 
absolute level of fraction 4—which appears to be 
the fraction that changes by the greatest propor- 


116 I. Magrath 
et etetet et 
® 
e 
1200 - 
e ad e 
1000 r 
e 
é + 
800 F Jy 
3 
600 + : 
a 1% . . 
a 
400 - . i 
° ° ° ' . LEGEND 
200 - is ° ° @ LOH value 
*v e } median 
}1 SE of median 
1 ___ 
STAGES A, STAGE C STAGE D LYMPHOBLASTIC 
n=16 n=8 n=12 n=10 


Ficure 7-6 Correlation of pretreatment LDH levels with stage in patients with undifferentiated 
_ lymphomas, predominantly of Burkitt’s type. LDH levels in a small group of patients with lympho- 


blastic lymphoma are also shown. 


tion during disease progression or regression—is, 
however, worthy of further study.3* A potentially 
valuable marker, detected by dilute agarose gel 
electrophoresis of serum, is tumor-secreted immu- 
noglobulin. Monoclonal immunoglobulin bands 
have been detected in the serum of about 60% 
of patients with extensive BL or Burkitt’s 
leukemia.®° Such bands correlate with disease sta- 
tus, and prospective studies are currently under- 
way to determine their utility. 

Other tumor markers include urinary B-amino- 
isobutyric acid or its ratio to f-alanine, and 
polyamines."2! B-Aminoisobutyric acid excretion 
is markedly elevated in patients with a large tumor 
burden, and usually increases even more during 
acute tumor lysis (see below), before normalizing 
during remission. 8-Aminoisobutyric acid is de- 
rived ultimately from pyrimidine bases, predomi- 
nantly thymine, but also uridine, and its excretion 
is presumably, like uric acid, an indicator of nu- 
cleic acid breakdown. Polyamines are derived ulti- 
mately from ornithine, and are usually elevated 
in the presence of a large tumor burden. A variety 
of nucleosides and have been examined as potential 
tumor markers, but, like 8-aminoisobutyric acid 


and polyamines, require sophisticated biochemical 
techniques for their measurement and so have not 
been widely used. 


Management 


Because of the wide variety of anatomic locations 
that may be involved by Burkitt’s tumor, a corre- 
spondingly wide variety of acute clinical situations 
may develop that require immediate attention 
prior to the initiation of specific treatment (Table 
7-7), or which may occur shortly after the initia- 
tion of cytotoxic chemotherapy. In general, al- 
though immediate supportive measures may be re- 
quired, only effective treatment of the underlying 
tumor will provide more than temporary benefit, 
and in this extremely rapidly growing tumor, spe- 
cific therapy must be instituted at the earliest possi- 
ble opportunity. Even where all overt tumor has 
been surgically resected, e.g., in abdominal, partic- 
ularly bowel presentations, inordinate delay in 
commencing chemotherapy (i.e., more than is re- 
quired for recovery from the immediate postopera- 
tive period—usually 3-5 days) may result in con- 
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siderable regrowth of tumor and hence loss of any 
advantage gained by the surgical reduction in tu- 
mor volume. In some cases, the commencement 
of chemotherapy itself constitutes emergency 
treatment, for example, where tumor masses are 
resulting in compression of vital or important 
structures, e.g., upper airway, spinal cord, or ure- 
ters. 


Biochemical Consequences of Rapid Tumor 
Growth and Lysis 


An additional consequence of the extremely rapid 
growth rate of Burkitt’s tumor—and perhaps also 
in part due to biochemical idiosyncrasies—is 
the very high rate of renal and metabolic 
complications.”:21:34139 Azotemia occurs in about 
one-half of the patients with a large tumor burden 
(stages C and D in the NCI system, which is identi- 
cal to that of Magruth et al.8 (see also Table 7— 
4), but uses letters instead of numerals) either prior 
to, or in the week after chemotherapy. These pa- 
tients almost invariably have a high LDH level 
(over 600 IU/1). Prior to the initiation of therapy, 
uric acid nephropathy is the major cause of acute 
oliguric renal failure—some 50% of uricosemic 
patients are also azotemic (Table 7-8). This may 
be compounded by ureteric obstruction or dehy- 
dration. Rarely, hypovolemia may be a conse- 
quence of marked redistribution of body fluids re- 
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sulting from massive effusions or inferior vena ca- 
val and caval tributory occlusion. The profound 
lower limb edema which has been observed in this 
situation may be only compounded by the adminis- 
tration of large quantities of fluid, particularly if 
unaccompanied by plasma expanders and diuret- 
ics. Nevertheless, in the majority of patients, vigor- 
ous hydration accompanied by alkalinization is 
usually sufficient to reduce the uric acid burden 
considerably. When this treatment is coupled with 
allopurinol administration (10 mg/kg) to prevent 
uric acid formation, uric acid levels frequently 
reach the normal range within 24-48 hours. If 
necessary, furosemide, or a combination of furo- 
semide and thiazide diuretic may be used to estab- 
lish a sufficiently brisk diuresis. 

The delay in the institution of specific therapy 
occasioned by the necessity to normalize the serum 
uric acid level is often acceptable in this circum- 
stance, since this may avert the need for hemodial- 
ysis. This may not be the case where mechanical 
obstruction to urine outflow, or other constraints 
on renal function exist (e.g., a prerenal component, 
use of radiopaque dye in the presence of compro- 
mised renal function, or massive renal infiltration 
by tumor), and in such cases hemodialysis may 
be necessary prior to the initiation of chemother- 
apy. We have avoided nephrostomy or ureteric 
catheterization in the presence of ureteric obstruc- 
tion because of the potentially high risk of compli- 


TABLE 7-8 Frequency of Renal and Metabolic Complications in Patients with Burkitt’s Lymphoma Treated 


at the National Cancer Institute 


Complication No./Total@ Percentage 
Pretreatment uricosemia (Cr. =8 mg/dl) 23/67 34 
Stages A, B, AR 2/16 12 
Stages C, D 21/51 41 
Pretreatment azotemia (Cr.° =1.6 mg/dl) 12/67 18 
Stages A, B, AR 0/16 0 
Stages C, D 12/51 23 
Posttreatment azotemia‘ (Cr. =1.6 mg/dl) 9/67 13 
Stages A, B, AR 0/16 0 
Stages C, D 9/51 18 
Posttreatment hyperphosphatemia (=5.0 mg/dl) 35/67 52 
Increase in urinary phosphorus excretion (>twofold) 11/18 61 
Ureteric obstruction (all stage C or D)4 10/28 36 
Azotemia 3/6 30 
Nonazotemia 7/22 32 
Required hemodialysis 1/67 10 


* Total includes some patients with recurrent disease. 
> Cr.: Creatinine. 

¢ Only patients not azotemic prior to therapy included. 
4 Intravenous pyelogram findings only included. 
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cations (infection, or ureteric perforation at a site 
of tumor involvement). 

When chemotherapy is initiated, the extremely 
rapid tumor lysis that ensues results in further 
biochemical abnormalities in the majority of pa- 
tients with a large tumor burden (Figure 7-7). 
About 13% initially develop azotemia after che- 
motherapy (Table 7-8), resulting from the in- 
creased protein, purine, and phosphate load on 
the kidneys. The key to the prevention of renal 
shutdown is the continuation of vigorous diuresis— 
at least 3000 ml fluid/M? should be given, and 
more if tolerated. To maintain an adequate urine 
output, it may be necessary to use diuretics in 
some patients (as above). Once the serum uric acid 
level has been normalized, prior to commencing 
chemotherapy, it is usually unnecessary to con- 
tinue vigorous alkalinization; the increase in solu- 
bility of xanthine and hypoxanthine achieved by 
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increasing the pH®? probably does not compensate 
for the decrease in solubility of phosphates, or 
for the added risk of tetany and cardiac arrhyth- 
mias in the presence of hypocalcemia, which ac- 
companies the hyperphosphatemia. 

The precipitation of either purines or phos- 
phates, or both, in the renal tubules may give rise 
to acute oliguric renal failure following chemother- 
apy. In the presence of allopurinol, uric acid con- 
centration rarely exceeds the solubility of uric acid 
in urine, but the xanthine concentration frequently 
does, and it is therefore advisable that at least 
some of the purine load is excreted as uric acid, 
which is considerably more soluble than xanthine 
at pH 7 (Table 7-9). Phosphate excretion, on the 
other hand, which is not a problem prior to che- 
motherapy, may become of great importance sub- 
sequently, due to the massive lysis of tumor 
cells.18° More than one-half of all patients, includ- 


@ > Chemotherapy-Induced Tumor Cell Lysis 
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Deposition of 
Phosphates 
Xanthine in Renal Tubules 


1. Tumor burden 


Release of Intracellular 
Constituents into 
.Bloodstream 


Potassium 
Phosphates 
Purines 
Proteins 


Severity of Syndrome Influenced By 


2. Urine flow (concentration of solutes) 
3. Solubility of phosphates and purines (pH etc.) 


4. Presence of obstruction to urine flow 


FiGuRE 7-7 Pathogenesis of 
the acute tumor lysis syn- 
drome. 
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TABLE 7-9 Solubility of Purines in Urine 


Xanthine Hypoxanthine Uric Acid 
pH (mg/l) (mg/}) (mg/l) 
5 50 1400 150 
7 130 1500 2000 


Adapted from Hande et al.5? 


ing many who never develop azotemia, have at 
least a doubling of urinary phosphorous 
excretion. 18° 

Apart from acute oliguric renal failure, hyper- 
kalemia (with its attendant risk of cardiac arrest) 
or hypocalcemia (a result of profound hyperphos- 
phatemia) may occur. Hyperkalemia, the fatal 
consequences of which originally drew attention 
to the acute tumor lysis syndrome,’ can develop 
within hours of the initiation of treatment but does 
not occur in the presence of an adequate urine 
flow. Because of this, potassium-containing in- 
travenous solutions are normally avoided during 
the first 1-2 days of chemotherapy. Hypocalcemia 
is rarely of sufficient magnitude to give rise to 
cardiac arrythmias or tetany, but if it does, it 
should be treated with intravenous calcium only 
with extreme caution because of the risk of visceral 
calcium phosphate precipitation. If the calcium 
phosphate solubility product is likely to be ex- 
ceeded by intravenous calcium administration, he- 
modialysis is a safer form of therapy. Hemodialysis 
is also indicated when serum phosphorus or creati- 
nine levels are rising rapidly, particularly in the 
presence of a falling urine output, which reduces 
elimination and increases solute concentration 
such that a vicious cycle sets in, resulting in very 
rapid deterioration. If conservative measures have 
failed or are inappropriate to deal with hyperkale- 
mia or hypocalcemia, hemodialysis may also be 
indicated. 

We have not seen permanent renal impairment 
as a consequence of the tumor lysis syndrome. 
Nearly all patients have essentially normal renal 
function by day 10 of treatment. LDH levels in- 
crease shortly after chemotherapy in about one- 
third of all patients, or one-half of azotemic 
patients*°—also as a result of tumor cell lysis. 
The time course of biochemical changes in 33 pa- 
tients with lymphomas is shown in Figure 7~8. 
Whether or not the extent of the biochemical 
changes occurring after treatment could be used 
as a measure of tumor burden, or response to treat- 
ment, or both, has not been studied. 
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Specific Therapy 


Because of its extremely rapid growth rate, specific 
therapy for BL should be initiated at the earliest 
possible time. Delay, for whatever reason, will per- 
mit tumor growth and may result in deterioration 
of the patient’s general condition, worsening of 
complications, and, by virtue of increased tumor 
bulk, a decrease in the overall chance of survival. 
Thus, with the exception of the emergency man- 
agement of complications or the control of uricose- 
mia, there are no valid reasons to delay the initia- 
tion of therapy once staging studies have been 
completed. 


Surgery 

One important decision that must be made at the 
completion of staging studies is whether there is 
a reasonable possibility that the tumor burden can 
be reduced at least tenfold by surgical resection 
prior to starting chemotherapy. This decision is 
largely dependent upon tumor sites. In general, 
patients with bone marrow or CNS involvement, 
multiple sites of disease outside the abdomen, or 
extensive retroperitoneal disease are not consid- 
ered candidates for surgery. The most suitable pa- 
tients are those with tumor confined to the bowel, 
mesentary, ovaries, or one kidney. Residual tumor 
plaques on the peritoneum, or enlarged mesenteric 
lymph nodes do not annul the benefits of surgical 
resection as long as it is estimated that at least a 
tenfold reduction in tumor bulk has been achieved. 
Indeed, enlarged mesenteric lymph nodes draining 
regions of lymphomatous bowel frequently prove 
to contain no detectable tumor and exhibit reactive 
hyperplasia on histologic examination. 

The rationale for surgical resection of tumor 
is based upon observations in both African and 
American patients in whom tumor has been re- 
sected in the above circumstances.77*! Such pa- 
tients, if treated almost immediately with che- 
motherapy, enjoy an excellent prognosis (in excess 
of 90% long-term, disease-free survival); removal 
of tumor bulk will also lessen or completely avoid 
the renal and metabolic complications associated 
with chemotherapeutic remission induction in pa- 
tients with large tumor burden. In many patients 
in the United States, total resection is accom- 
plished at initial surgery, undertaken because of 
bowel involvement giving rise to obstruction (espe- 
cially intussusception), perforation, hemorrhage, 
symptoms of appendicitis, or a palpable mass.58 
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SERUM URIC ACID (mg/dl) 


SERUM CALCIUM (mEq/I) 


Figure 7-8 (a-d) Time course of biochemical changes during treatment in 33 patients with non-Hodgkin’s 
(predominantly Burkitt’s) lymphoma. (a) Serum LDH. (b) Serum uric acid. (c) Serum phosphorus. (d) Serum 
calcium. @—azotemic patients; O—non-azotemic patients (From Tsokos et al.,!°° with permission.) 


The benefits of surgical resection, however, are 
lost in this rapidly growing tumor if chemotherapy 
is not begun within days of surgery. In Africa, 
cyclophosphamide has been administered during 
surgery. In the United States it is more usual to 
await recovery of the surgical ileus and begin treat- 
ment within 3-5 days. 


Although it is possible that patients in whom 
all tumor can be resected represent a biologically 
distinct patient group (e.g., one with a smaller 
tumor burden) which would enjoy an excellent 
prognosis even without surgical resection, this 
seems unlikely. In Africa, for example, removal 
of 1 of 2 involved ovaries does not improve progno- 
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Ficure 7-8 (e-f) Time course of biochemical 
changes in 33 patients with non-Hodgkin’s (pre- 
dominantly Burkitt’s) lymphoma. (e) Urine 
phosphorus. (f) Urine potassium. ®—azotemic 
patients; O—non-azotemic patients. (From Tso- 
kos et al.,!9° with permission.) 


URINE PHOSPHORUS (mg/day x 10-3) 


URINE POTASSIUM (mEq/day) 


sis compared to similar patients in whom no tumor 
is resected.®! Patients in whom both involved ova- 
ries are removed, however, accomplishing a ten- 
fold reduction in tumor bulk, enjoy an excellent 
prognosis. In the United States, although numbers 
are small, even patients in whom large quantities 
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of tumor are removed can enjoy an excellent prog- 
nosis, suggesting that the outcome of treatment 
is dependent upon the tumor burden after surgery 
rather than that before surgery. 

One caveat is that as the results of chemother- 
apy improve, the benefits of surgery may become 
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less apparent. Nonetheless, if surgery is performed 
because of bowel perforation or obstruction, re- 
moval of all tumor may in any case be the surgical 
treatment of choice; and until patients with exten- 
sive, unresected intra-abdominal disease have as 
good a prognosis as patients with completely re- 
sected disease, it is prudent to continue to resect 
all tumor where possible. 


Radiotherapy 

In BL, the efficacy of radiotherapy has still not 
been well defined. An early study in Africa demon- 
strated responses, but these were usually partial— 
only 1 of 9 tumors regressed completely with doses 
up to 5000 rads (mean dose 3100 rads over 20 
days).97 Multiple fractions of radiation in a single 
day appeared to be much more effective. Of 34 
tumors treated with 27 fractions to a mean dose 
of 2800 rads over 13 days, 25 achieved complete 
remission.°® However, radiotherapy alone is not 
effective therapy even in patients with apparently 
localized disease, because of the high risk of recur- 
rence at other sites.47 Radiotherapy has been di- 
rected to sites of bulk disease in North American 
patients also receiving chemotherapy.??® When 
combined with modern multiple-drug therapy, 
however, radiotherapy has not been demonstrated 
to be advantageous. In fact, in one study of child- 
hood non-Hodgkin’s lymphoma, which included 
patients with BL, radiotherapy increased toxicity 
and did not improve prognosis.®” 

In patients treated at the NCI, whole abdominal 
irradiation (2100 rads midline dose) was given in 
patients with abdominal tumors in some protocols. 
Although direct comparison of results with and 
without radiotherapy in patients treated with the 
same chemotherapy has not been made, no obvious 
benefits were observed, and 60% of relapses in 
these patients occurred in the abdomen during or 
shortly after radiotherapy.‘4*144 The results of a 
more recent protocol (see below) not incorporating 
radiotherapy are certainly no worse, and intra-ab- 
dominal relapse is in fact less common in the later 
protocol. Thus available data do not support a 
role for radiotherapy. A small, retrospective study 
has suggested, however, that patients with limited, 
completely resected, intra-abdominal disease can 
achieve prolonged survival after whole abdominal 
irradiation.* This suggestion has never been con- 
firmed prospectively. . 

Although considered to be standard therapy for 
CNS disease, including spinal cord compression, 
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in many tumors, there is no evidence in BL that 
radiotherapy improves either the rapidity or the 
completeness of response when compared to che- 
motherapy alone. In a surprisingly high fraction 
of both American and African patients with CNS 
disease, a complete, durable response has been 
achieved with chemotherapy alone. The potential 
toxicity of CNS irradiation combined with che- 
motherapy, both to the nervous system (leucoen- 
cephalopathy) and to the bone marrow (particu- 
larly when craniospinal irradiation is used), 
dictates that such combinations should not be 
indiscriminately used in the absence of the demon- 
stration of the superiority of such combined mod- 
ality therapy over chemotherapy alone. If radioth- 
erapy is used, it should probably be limited to a 
total dose of 1400 rads to the brain or an epidural 
tumor. In exceptional circumstances (e.g., intra- 
cerebral disease), however, radiotherapy may be 
the most effective therapy available. Further stud- 
ies will be needed to define its role in other situa- 
tions; it must be remembered, however, that there 
is an increased potential for local as well as general 
toxicity when radiotherapy is combined with doxo- 
rubicin and possibly methotrexate (skin erythema, 
wound breakdown, stomatitis). 


Chemotherapy 

Because of the relatively rare occurrence of local- 
ized disease, and the high risk that even in this 
circumstance relapse at other sites may occur, che- 
motherapy is considered to be the primary thera- 
peutic modality in BL. Probably because of its 
very rapid proliferative rate, and possibly also be- 
cause of the biologic nature of the disease,”©?? BL 
is one of the most highly responsive of all tumors 
to chemotherapy. The malignant clone appears to 
occupy only a narrow differentiation range and 
is thus very homogeneous compared to tumors 
of mature cell types, such as nodular lymphomas 
or myeloma; in the latter tumors the malignant 
clone may extend through several differentiation 
steps and is therefore heterogeneous with regard 
to cell type. These different cell types may have 
differing sensitivities to chemotherapy. 

In Table 7-10 is a list of agents known to be 
“active” in African BL. Many of these drugs are 
highly effective and in African patients have even 
induced long-term disease-free remissions when 
used alone. In American patients there is little 
information on the efficacy of single agents in BL, 
but a small number of patients, all of whom had 
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TABLE 7-10 Single-Agent Activity in African 
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Burkitt’s Lymphoma (Prior to 1970) 


Complete + 

Complete Partial Percentage 

Drug? Patients Responses Responses Responses 
Cyclophosphamide 163 43 132 81 
Nitrogen mustard 61 10 44 72 
Melphelan 26 8 16 61 
Chlorambucil 12 3 10 83 
Procarbazine 6 0 0 0 
Orthomerphalan 14 ? 14 100 
BCNU 5 0 4 80 
Vincristine 21 10 17 81 
Vinblastine 2 0 0 — 
Methotrexate 45 11 26 58 
6-Mercaptopurine 3 0 0 — 
Cytosine arabinoside 3 2 2 — 
Epipodophyllotoxin 2 2 2 — 
Actinomycin D 4 1 4 — 
Terephthalanilide 18 1 14 78 


° A variety of doses and regimens were used. 
Data largely compiled from refs. 28, 31, and 32. 


a small tumor burden, have achieved prolonged 
survival when treated with cyclophosphamide 
alone® (see below). More recently, because of the 
good results obtained with combinations of drugs, 
single-agent therapy as primary treatment has been 
abandoned. 

One difficult in evaluating the literature on BL 
outside Africa is that only in recent years has it 
been widely accepted that BL constitutes a signifi- 
cant fraction of childhood non-Hodgkin’s lympho- 
mas (between one-third and one-half). Thus, in 
earlier studies, BL is not clearly distinguished from 


TABLE 7-11 
Representative Series 


lymphoblastic lymphoma and large cell lympho- 
mas. Nonetheless, it can be reasonably assumed 
that a high proportion of abdominal lymphomas 
in children would today be diagnosed as BL, or 
one of its synonyms, by most pathologists. Thus, 
there is no doubt that prior to 1975 the results 
of treatment of BL, even though not recognized 
as such and included among patients with “non- 
Hodgkins lymphoma,” were extremely poor (Ta- 
ble 7—11),1©20-59.71,111.117 Since that time, a number 
of different combination chemotherapy regimens 
have been shown to be effective, giving overall 


Results of Treatment of Childhood* Non-Hodgkin’s Lymphoma Prior to 1975: 


Median Survival at 
Study No. of Survival 5 Years? 

Authors Period Patients (months) (%) 

Rosenberg et al.1!” Memorial 1928-1958 69 7 17.4 
Bailey et al.1° Mayo Clinic 1945-1954 48 5 21 
Sagerman et al.120 Columbia 1952-1964 30 6 3 
Sullivan!29 M.D. Anderson Prior to 1967 51 6 11 
Landberg et al.7° Lund 1944-1972 27 4 4 
Jenkin®® Toronto 1958-1971 99 7 15 
Lemerle et al.7! Villejuif 1950-1972 190 6 25 
Pinkel et al.t# St. Jude’s 1962-1973 64 10 30 
Wollner et al.152 Memorial 1964-1971 43 7 11 
1966-1971¢ 18 12 33 


@ Age less than 19 years, most series less than 15 years. 


> Actual 5-year survival or actuarially predicted 5-year survival. 


¢ Treated according to the lymphosarcoma protocol. 
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results in the range of 40%-70% long-term 
survival] _.62-92,109,136.143,144 Because of the rarity of 
the disease, many of these series are small in size, 
and differences in the results inay therefore reflect 
inhomogeneity in the respective series rather than 
the efficacy of the particular chemotherapeutic reg- 
imen. 

Perhaps the single most effective drug in BL 
is cyclophosphamide. This has for many years been 
a component of almost all effective chemotherapy 
regimens in both Africa and the United States. 
Cyclophosphamide is most often used in combina- 
tion with vincristine, methotrexate, prednisone, 
and frequently an anthracycline. Some of the more 
effective combination chemotherapy regimens are 
shown in Table 7—12. 


Design of Chemotherapy Regimens 

BL is highly responsive to a number of chemother- 
apeutic agents, but cure is still not achieved in 
the majority of patients with extensive disease. 
This tumor thus provides an excellent model in 
which to learn the principles of chemotherapy in 
man—at least as they apply to high growth frac- 
tion tumors. Unfortunately, in spite of numerous 
attempts to rationalize combination chemotherapy 
regimens, the design of drug protocols remains 
largely empirical. Most regimens have adopted in- 
termittent pulses of treatment rather than low-dose 
continuous therapy based on animal studies with 
alkylating agents and some early (though perhaps 
not definitive) work in Africa indicating an advan- 
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tage of single-dose, intravenous cyclophosphamide 
over low-dose, continuous oral cyclophospha- 
mide.®? The optimal intensity of the pulses and 
their most effective composition (i.e., number and 
dose of drugs) is still a topic for research. There 
are several considerations in this regard. Very high 
dose chemotherapy with cell-cycle nonspecific 
agents is likely to cause a greater fractional cell 
kill, based on the work of Skipper and Schabel 
in animal models.!26 However, this benefit could 
be eroded if marrow recovery is delayed, permit- 
ting clinical tumor regrowth before marrow recov- 
ery; this phenomenon has been observed, and thus 
is not a purely theoretical consideration. The inten- 
sity of the pulse will impose, by virtue of myelosup- 
pression, a lower limit to the intervals between 
treatments unless non-marrow-toxic, or minimally 
marrow-toxic drugs are interspersed between 
highly myelosuppressive pulses. In the current 
NCI protocol a 42-hour methotrexate infusion 
is delivered at or close to the nadir of chemo- 
therapy-induced myelosuppression in an attempt to 
destroy more tumor cells at a time when they 
may be more sensitive than marrow stem cells. 

The composition of the pulses must still be de- 
cided on a largely empirical basis. Much higher 
doses of cyclophosphamide than are currently em- 
ployed in most regimens can be safely given, even 
without marrow reconstitution when adequate 
supportive care can be delivered.®§ It is not known, 
however, whether high doses of cyclophospha- 
mide, or another highly effective single agent, 


TABLE 7-12 Effective Chemotherapy Regimens for Burkitt’s Lymphoma 


Authors 


Olweny et al.101-103 
Nkrumah et al.% 
Ziegler'6 

Ziegler et al.196.144 
Philip et al.1°9 


Jenkin et al.& 


Magrath et al.86 


Predicted 
No. of Cycles 3-Year 
or Duration Relapse-Free 
Drug Combination? of Therapy Radiotherapy Survival (%) 
CTX, MTX, VCR 2 None >50 
CTX, Ara-C, VCR 3 None 41° 
CTX, MTX, VCR 3 Abdomen 52 
CTX, MTX, VCR, Pred 3 Abdomen 54 
CTX, DXR, VCR, Pred 12-30 mo*¢ Primary site, 40 
cranial vault 
CTX, VCR, Pred, MTX 18 mo >3 cm masses, 564 
cranial vault 
CTX, DXR, VCR, Pred, MTX 15 None 60 


4 All regimens included intrathecal drugs. CTX, cyclophosphamide; MTX, methotrexate; VCR, vincristine; 


arabinoside; Pred, prednisone; DXR, doxorubicin. 
® Includes only patients with intra-abdominal tumor. 
© Duration dependent upon stage. 


4 Includes all childhood lymphomas other than lymphoblastic or patients with localized disease. 


Ara-C, cytosine 
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would be preferable to a combination of drugs. 
Although there are theoretical advantages that fa- 
vor the latter, there is no direct evidence that 
speaks to this. Theories such as the Norton-Simon 
hypothesis® or the Goldie-Coldman hypothesis,*® 
while of considerable interest and sometimes 
quoted to justify specific drug schedules (often in 
retrospect!), have not been directly tested in either 
animal models or man. In practice, drug regimens 
are designed as modifications of successful ap- 
proaches or combinations of several effective ap- 
proaches. 

In recent years there has been a trend to in- 
crease the number of drugs used in combination; 
while this may decrease the likelihood of drug re- 
sistance (or of combating small numbers of inher- 
ently resistant cells), it can also be disadvantageous 
if drugs differ in efficacy, particularly where se- 
quential administration of different agents is em- 
ployed. Too long an exposure to less effective or 
ineffective drugs may permit tumor regrowth, and 
increase, ultimately, the likelihood of the emer- 
gence of cells resistant to previously effective 
drugs. This may be the reason that the LSA2-L. 
protocol containing 10 different drugs is not effec- 
tive in BL.® Nonetheless, the evidence supports 
the notion that combinations of 3~5 drugs are more 
effective than cyclophosphamide alone, at least in 
currently used doses of the latter agent. 

Finally, the duration of therapy has also not 
been well established. Some regimens employ 2- 
3 years of therapy! 92152 in spite of the lack of 
evidence that there is any advantage to mainte- 
nance therapy. African patients with small tumor 
burdens have achieved long-term survival after a 
single dose of cyclophosphamide,?5-2832 and the 
results of regimens in the United States using only 
three cycles of combination therapy have been sur- 
prisingly good}6-143.144 (see below). It is likely, 
based on reported studies, that in the future che- 
motherapy will be continued for 6 months to, at 
most, 1 year, the precise duration perhaps depend- 
ing upon disease extent and rapidity of remission 
induction. 

It should be borne in mind that tumor burden 
appears to be the single most important prognostic 
indicator in BL,* and it is entirely logical to tailor 
both intensity and duration of therapy to tumor 
burden. This has been done to some extent already 
and perhaps will increasingly become a feature 
of therapy in the future. It becomes particularly 
important to reduce the potential hazards of che- 
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motherapy to a minimum in patients with an excel- 
lent chance of long-term survival. 


Prophylaxis Against Central Nervous System 
Recurrence 

Regardless of the effectiveness of systemically ad- 
ministered agents, since CNS recurrence is such 
a common feature of BL throughout the world, 
a high failure rate must be expected if an attempt 
is not made to prevent CNS spread. Remarkably 
(compared to other neoplasms), CNS involvement 
in BL can be cured—sometimes with only a small 
number of intrathecal injections of cytosine arabi- 
noside, methotrexate, or both drugs.!?!-145 Thus, 
the intrathecal injections of either or both of these 
agents ought to effectively prevent the develop- 
ment of overt CNS disease. Although early trials 
carried out in Uganda did not show any benefit 
of such prophylactic therapy,187 there was such 
a high rate of systemic recurrence in the patients 
included in these trials that it must be deduced 
that systemic treatment was relatively inefficient. 
CNS recurrence could therefore have resulted 
from spread from systemic tumor (possibly sub- 
clinical) remaining after completion of CNS pro- 
phylaxis, and does not necessarily indicate failure 
of this approach to CNS prophylaxis. A similar 
argument may be made with regard to a random- 
ized trial, in Africa, of craniospinal irradiation af- 
ter remission induction, which failed to show a 
benefit of radiotherapy. CNS relapse in this trial 
was, however, frequently the sole initial site of 
relapse whether or not irradiation had been 
given.'©2 Some evidence for the value of intrathecal 
prophylaxis is provided by combination chemo- 
therapy trials that incorporated such a component; 
in these trials only a low frequency of CNS recur- 
rence was observed.9®103 At the NCI, the introduc- 
tion of an intensive intrathecal prophylactic regi- 
men into the current protocol resulted in a lower 
frequency of CNS recurrence in patients who did 
not have CNS disease at presentation. 

An alternative approach to prophylaxis with 
intrathecal drugs is the use of agents that cross 
the blood-brain barrier. These have the advantage 
of even distribution throughout the CNS, and 
more certain entry into the CNS than intrathecal 
drugs. A randomized trial of relatively low-dose 
CCNU in Uganda was, however, ineffective (in 
fact, patients treated with CCNU had an overall 
worse prognosis),!4?2 and 42-hour methotrexate in- 
fusions without intrathecal drugs permitted 4 CNS 
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recurrences in 13 patients with BL in the United 
States.122 However, failure of these particular regi- 
mens does not imply that this general strategem 
of systemically administered drugs for CNS pro- 
phylaxis is invalid. Higher doses, or a different 
interval between drug administrations, may be nec- 
essary. Timing of prophylactic therapy may be 
critical, and we have favored the commencement 
of this treatment simultaneously with initial che- 
motherapy. However, no data exist to speak to 
this point. 


Treatment of Overt Central Nervous System Disease 
Chemotherapy has been the primary modality of 
treatment for overt CNS disease in Africa, includ- 
ing meningeal involvement, cranial nerve palsies, 
and epidural tumor.?7-103:135.187,138.145 Tymor at the 
latter site is rare in the United States, and almost 
all patients in Africa with spinal cord compression 
have been treated with chemotherapy alone since 
radiotherapy is not generally available in Africa. 
Dramatic responses have occurred after a single 
dose of cyclophosphamide, with rapid and perma- 
nent recovery to normal or almost normal neuro- 
logic function. Some patients, however, have been 
rendered permanently paraplegic, probably be- 
cause of myelonecrosis secondary to impairment 
of the blood supply of the spinal cord.133 Although 
no comparative data are available, the rapidity of 
response in some patients suggests that irradiation 
would add nothing to chemotherapy. Where my- 
elonecrosis has occurred, there is not likely to be 
a response of the paraplegia to any therapy, al- 
though long-term survival may be achieved. 
Cranial nerve palsies and meningeal involve- 
ment have been treated in Africa with intrathecal 
methotrexate and/or cytosine arabinoside com- 
bined with systemic therapy.'8? A significant frac- 
tion of African patients with CNS involvement 
achieve prolonged survival when so treated. Fur- 
thermore, approximately 50% ofall long-term sur- 
vivors have had CNS disease at some time (presen- 
tation or relapse), indicating the success of 
chemotherapy alone in eradicating CNS disease.14 
Similarly, in the United States a small number 
of long-term survivors who had CNS disease at 
presentation never received radiotherapy.’*? Pa- 
tients who relapse with CNS disease, or patients 
with CNS disease presenting at centers other than 
the NCI, are usually treated with cranial irradia- 
tion and intrathecal therapy, but data are inade- 
quate to assess the additional value, if any, confer- 
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red by CNS irradiation. The additional degree of 
myelosuppression, particularly if craniospinal irra- 
diation is used, must be taken into consideration, 
for this may seriously impair the ability to deliver 
systemic therapy, and may therefore actually be 
detrimental to survival. Thus, at present, at the 
NCI cranial irradiation is reserved for patients 
who have failed intrathecal therapy. In one such 
patient, long-term survival was achieved after two 
episodes of CNS involvement: the first, at presenta- 
tion, was treated with intrathecal cytosine arabino- 
side and methotrexate; the second was treated with 
the same drugs and cranial irradiation.!22 

The role of drug delivery via Ommaya reservoir, 
while theoretically attractive, has also not been 
directly compared to drug delivery by lumbar 
puncture in terms of its effectiveness in treating 
CNS disease; in many centers this form of therapy 
is reserved for patients with recurrent CNS disease. 

The use of high intravenous doses of drugs that 
cross the blood-brain barrier in significant amount 
(nitrosoureas, methotrexate or cytosine arabino- 
side) is worthy of further exploration, since this 
may achieve the most uniform delivery of drug 
to the CNS. We have observed clearance of malig- 
nant pleocytosis following 42-hour methotrexate 
infusions that achieve mean levels of close to 10~6 
M methotrexate in the cerebrospinal fluid, but 
more work needs to be done in this area. 


Results of Treatment 


African BL 


Following the initial, very promising results of sin- 
gle-agent chemotherapy therapy in African BL at 
a time when very little evidence existed for a 
more than temporary value of chemotherapeutic 
agents,7>2831,52.139 there has been a gradual evolu- 
tion to multiple drug therapy. In Uganda, a series 
of randomized chemotherapeutic trials were car- 
ried out to determine the following: whether 6 
doses of cyclophosphamide were better than 
[193.138,139. whether a 4-drug, sequential combina- 
tion—cyclophosphamide, vincristine, methotrex- 
ate, and cytosine arabinoside (TRIKE)—was bet- 
ter than multiple doses of cyclophosphamide in 
patients with extensive disease!®-155-141, and, more 
recently, whether a simultaneous combination of 
cyclophosphamide, vincristine, and methotrexate 
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(COM) was better than cyclophosphamide 
alone. $61-103.135,138,139.141 These trials are difficult to 
interpret because of the small numbers and the 
relatively high frequency of CNS relapse. (CNS 
prophylaxis was, in general, not given because of 
the results of a previous small study that did not 
indicate an advantage of intrathecal therapy.) Fur- 
thermore, relapse in African BL, whether in the 
CNS or systemic, is frequently compatible with 
prolonged survival.'45 This means that compari- 
sons of survival may not be fair tests of the initial 
therapy. There is, however, an indication that pa- 
tients with extensive disease had longer remission 
durations when treated with TRIKE in compari- 
son to 6 doses of cyclophosphamide, and a signifi- 
cantly improved survival was observed in patients 
treated initially with TRIKE or COM compared 
to patients treated with cyclophosphamide alone 
(Table 7-13).1°3 Taken together, about 80% of 
Ugandan patients achieved complete remission, 
and of these patients 50% achieved prolonged sur- 
vival. The overall survival in 280 patients with 
sufficient staging and follow-up information was 
39% .108 

The apparent advantage of drug combinations 
in Ugandan patients is consistent with the results 
of a retrospective comparison of a combination 
of cyclophosphamide, vincristine, cytosine arabi- 
noside, and intrathecal methotrexate with cyclo- 
phosphamide alone, carried out in Ghana in pa- 
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tients with abdominal involvement.%* Although the 
combination regimen was more toxic and led to 
more early deaths, such that no ultimate survival 
advantage was demonstrated, the patients who 
achieved remission with the combination regimen 
had a significantly lower chance of relapse, 
whether in the CNS or systemically. With the com- 
bination regimen, 80% of patients with extensive 
disease who achieved complete remission remained 
free of CNS recurrence, while about half that num- 
ber treated with cyclophosphamide alone did so. 
Overall relapse rates in complete responders were 
31% for patients treated with the combination and 
62% for those given cyclophosphamide alone. The 
reason for the advantage in remission maintenance 
of the drug combination is debatable. It could as 
well be due to effective CNS prophylaxis as to 
the combination of systemically effective drugs. 
This is of interest, since in the Ugandan trials, 
neither intrathecal drugs nor craniospinal irradia- 
tion could be shown to provide effective prophy- 
laxis against CNS relapse. 

In all the African trials, the prognostic signifi- 
cance of stage—probably a reflection of tumor bur- 
den—was clearly demonstrated. 


North American Burkitt’s Lymphoma 


In considering the results of treatment of BL out- 
side Africa, one important issue cannot be avoided: 
the definition of the disease. As has been discussed 


TABLE 7-13 Treatment Protocols and Survival in Ugandan Patients with Burkitt’s Lymphoma 


Patients 
Studied Treatment ¢ AFD® Dead LTFU* Total 
All Cyclophosphamide 1 dose 9 6 0 15 
vs Cyclophosphamide 6 doses 9 6 1 16 
III¢ and [V4 Cyclophosphamide 6 doses 1 8 1 10 
vs TRIKE 14 6 0 20 
All BCG 13 10 1 24 
vs No BCG 10 6 2 18 
All Cyclophosphamide 2 doses +CSIR 4 17 1 22 
vs COM 2 doses +CSIR 15 13 2 30 
All COM = it. MTX 11 3 2 16 
Nonprotocol patients 23 47 6 76 
Early deaths — 33 — 33 
Total treated 109 155 16 280 


Adapted from Olweny et al.193 


* TRIKE, cyclosphosphamide, vencristine, methotrexate, and cytosine arabinoside; BCG, bacillus Calmette-Guerin vaccine; 
CSIR, craniospinal irradiation; COM, cyclophosphamide, vincristine, and methotrexate (Olweny et al.!®1); i.t., intrathecal; 


MTX, methotrexate. 

5 Alive and free of disease. 

© Lost to follow-up. 

4 Old staging (Ziegler et al.139), 
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earlier, the diagnosis is currently a histologic one. 
In spite of the publication, however, of a “defini- 
tion” of BL, histopathology is, by nature, a subjec- 
tive discipline. Thus, there must always remain 
cases in which not all pathologists, however expert, 
would agree over the diagnosis. Furthermore, 
within the category of malignant lymphoma of 
small, non-cleaved cells defined by Lukes, which 
corresponds to Rappaport’s “undifferentiated lym- 
phoma,” some would maintain a division into 
Burkitt’s and “non-Burkitt’s” lymphoma, whereas 
others believe that relatively small histologic dif- 
ferences do not indicate the existence of separate 
pathologic entities.7”7 Careful studies between cen- 
ters to examine whether the distinction can be 
made reproducibly have not been done, although 
the results of a large histologic review by many 
pathologists revealed considerable variation.% 

While this debate remains unresolved, most cli- 
nicians would agree that if differences in anatomic 
location of tumor or response to therapy exist be- 
tween Burkitt’s and non-Burkitt’s undifferentiated 
lymphoma, at least in children, then they are ex- 
tremely subtle and difficult to detect. Thus, for 
the purposes of this discussion, the results obtained 
by centers where the distinction is not made will 
be included. The limited data concerning differ- 
ences or similarities in therapeutic responses will, 
however, also be presented. A further note of cau- 
tion is appropriate with regard to the reproducibil- 
ity of the histologic distinction between the large 
cell lymphomas of childhood and undifferentiated 
lymphomas. Although some tumors can be repro- 
ducibly categorized as one or other, there is also 
overlap between the histologic appearances. Once 
again, no data have been collected that correlate 
therapeutic outcome with histology, but it must 
be borne in mind that the stated histologic compo- 
sitions of different series are only “semiquantita- 
tive” and could well differ considerably if reviewed 
by different pathologists or even rereviewed by the 
same pathologists. One unifying feature of these 
three histologic entities is that all are the neoplastic 
counterparts of cells in the B lymphocyte differen- 
tiation series in that they express surface immuno- 
globulin, essentially always IgM.76 The tumors un- 
der discussion here have also been shown to be 
monoclonal (where tested), i.e., express only a sin- 
gle light chain class (PGMP),** as opposed, for 
example, to immunoblastic lymphomas associated 
with immunodeficiency syndromes, which are fre- 
quently polyclonal.”8 
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National Cancer Institute Studies 


At the NCI there has been a longstanding interest 
in BL. Initially, treatment was not according to 
a standard protocol, and it is interesting to note 
that, prior to 1974, 5 patients, all of whom had 
intra-abdominal tumor, were treated with radio- 
therapy alone.® Four of these patients had ileal 
or ileocecal masses and may have today enjoyed 
prolonged survival with a combination of surgery 
and chemotherapy. Three of the 5 patients had 
no response, and two had incomplete responses. 
All were dead within 2 months of diagnosis. Two 
other patients were treated with either the nitrogen 
mustard, vincristine, procarbazine, and prednisone 
(MOPP) or POMP combination chemotherapy 
regimens and died after 6 months and 1 month, 
respectively, never achieving complete remission. 

The remaining 22 patients reported® were 
treated with cyclophosphamide alone (40 or 75 
mg/kg i.v.), either 1 or 6 doses; 13 achieved com- 
plete remission. All except 1 had been treated with 
6 doses of cyclophosphamide; the exceptional pa- 
tient had oral cyclophosphamide after a single in- 
travenous dose. Of the patients who did not 
achieve complete remission, 4 died abruptly and 
so had received only a single dose of cyclophos- 
phamide. Of the 13 complete responders, 9 had 
survived for between 28 and 81 months and 1 
for 6 months at the time of writing; 4 patients 
had relapsed, 3 of whom had died. Three of the 
long-term survivors had stage I or II disease [cervi- 
cal adenopathy only (2 patients) or cervical adeno- 
pathy and maxillary tumor (1 patient)] and 5 of 
the other 6 appear to have had abdominal tumor 
completely resected. Thus, almost all the patients 
who achieved prolonged survival following cyclo- 
phosphamide as the sole chemotherapy had had 
small tumor burdens. 

Commencing in 1974, patients at the Pediatric 
Oncology Branch of the NCI were treated with 
a combination of cyclophosphamide, vincristine, 
and methotrexate with prednisone (COMP)* or 
without prednisone (COM)'4! (Table 7-12). Pa- 
tients with intra-abdominal disease (with a small 
number of exceptions) received whole abdominal 
irradiation (2100 rads over 18 days). 

Of the 37 patients treated with either COM 
or COMP, 18 achieved prolonged relapse-free sur- 
vival, and another 4 patients achieved prolonged 
disease-free survival after treatment of relapse; 2 
of the latter patients had isolated CNS relapse, 
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and 2 others were treated with the very intensive 
BACT regimen (see below). The results of treat- 
ment of patients in other centers with the same 
initial regimens were essentially identical.15¢ Al- 
though the overall survival rate of these combina- 
tion regimens does not differ significantly from 
that obtained with cyclophosphamide alone (9 of 
22 patients),® 11 of the long-term survivors treated 
with COM or COMP (including 7 who never re- 
lapsed) had stage D disease (see Table 7-4). 

These regimens are of considerable interest, for 
the results were achieved with only 3 cycles of 
therapy. The role of intra-abdominal irradiation 
is not clear from these data, as discussed above, 
but in 7 patients of 10 with intra-abdominal recur- 
rence, relapse occurred during or shortly after the 
completion of radiotherapy, indicating that ra- 
diotherapy probably did not improve the outcome. 
The remaining 3 patients had not received abdomi- 
nal irradiation. 

Subsequent to the COM and COMP protocols, 
a much more intensive protocol was introduced 
in an attempt to improve significantly upon overall 
survival rate.”7°6 A major consideration in its de- 
sign was to try to prevent regrowth of tumor be- 
tween chemotherapy cycles. Basically, the protocol 
consists of a 4-drug combination (cyclophospha- 
mide, vincristine, prednisone (COMP), adviamy- 
cin) alternating with an infusion of methotrexate 
given at the nadir of myelosuppression. It was rea- 
soned that an S-phase agent should be effective 
at destroying regrowing cells but should have 
much less of an effect on an already suppressed 
bone marrow than other agents (e.g., alkylating 
agents) known to be effective against BL. Further- 
more, methotrexate would be an additional effec- 
tive agent which would be given as a constant 
infusion for as long a period as deemed tolerable. 
Doxorubicin (Adriamycin) was added to the 4 
other drugs used in previous protocols because 
of its broad range of activity and promising early 
results from Africa in a few patients treated with 
a combination of doxorubicin and cyclophospha- 
mide. It was decided to continue therapy for ap- 
proximately 1 year since the potential benefit of 
more prolonged treatment had not been explored, 
although in several centers in the United States 
patients were being treated with leukemia-like 
maintenance regimens (i.e., methotrexate and 
6-mercaptopurine for 2-3 years)®?-152 (see below). 
Because of the presumption that patients with lim- 
ited or completely resected abdominal tumor 
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would have a very good prognosis even without 
prolonged therapy, such patients were treated in 
protocol 77-04 with only 6 cycles of therapy. 

The results in 46 patients with BL, froma group 
of 54 patients with undifferentiated lymphoma, are 
shown in Figure 7-9. 

The best results were clearly achieved in the 
group of patients in whom all intra-abdominal tu- 
mor had been resected prior to chemotherapy 
(stage AR), even though such patients had only 
six cycles of therapy. Although some of these pa- 
tients had minimal disease (e.g., as little as 1 cm? 
of tumor in the small bowel, sufficient to cause 
intussusception), others had very extensive disease 
(e.g., bilateral massive ovarian enlargement). Only 
1 of 15 patients with resected disease has died, 
and he had extensive retroperitoneal disease ex- 
tending into the thigh—probably not in the same 
category, either in terms of tumor burden or frac- 
tion of tumor resected, as the other patients. 

Of the 54 patients with undifferentiated lym- 
phoma treated, 7 failed to achieve complete remis- 
sion. All were 16 years old or more. Seven patients 
had a first relapse in the CNS; 4 of these 7 patients 
were included among the first 13 patients treated 
on protocol 77-04 and had never received intrathe- 
cal prophylaxis. Because of this early high rate 
of CNS recurrence, an intensive intrathecal regi- 
men (modeled on the intrathecal regimens used 
successfully for the treatment of overt CNS dis- 
ease) was introduced into protocol 77-04. One pa- 
tient has since failed intrathecal prophylaxis, and 
2 both presented and recurred with CNS involve- 
ment. Seven patients relapsed systemically, 2 in 
the bone marrow, 2 in the spermatic cord, 1 in 
the testis, and 2 in the abdomen (1 of the latter 
2 was accompanied by bone marrow and CNS 
involvement). Ultimately, nearly all the patients 
who died had bone marrow involvement. 

The relapse pattern is rather different from that 
seen in the previous protocols (COM and COMP), 
in which a much higher proportion of patients 
had systemic relapse, especially in the abdomen 
and bone marrow (Table 7-14). It is not clear 
why there appear to be rather more partial respon- 
ders in the current protocol. The possibility that 
this is because of more rigorous methods (CAT 
scan and ultrasound) of documenting complete 
remission in the current protocol, such that some 
patients who would have been called complete re- 
sponders previously are now included as partial 
responders, must be considered; however, this is 
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FiGuRE 7-9 Results of treatment of 
Burkitt’s lymphoma with NCI protocol 
77 04. (a) Kaplan-Meier plots of pa- 
tients in stages AR, C, or D (see Table 
7-4) in continuous complete remission. 
Stages A and B are not shown since num- 
bers in these stages are so small. (b) 
Kaplan-Meier plots of patients in Mur- 
phy’s stages I and II combined, III, and 
IV, and the entire group in continuous 
complete remission. It is important to 
note that stage IV in this series includes 
patients with diffuse (>50%) bone mar- 
row infiltration, unlike in other series, 
in which patients with more than 25% 
marrow infiltration are usually excluded. 
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not a complete explanation since most of the par- 
tial responders in protocol 77-04 were apparent 
from clinical examination. An alternative explana- 
tion is the greater median age of 77-04 patients. 
In a larger study of 54 patients (including non- 
NIH patients) treated by the COM or COMP pro- 
tocols, there were 2 partial responders, so that 
the difference is, in any event, not statistically sig- 
nificant. 

Since 4 of the 7 CNS relapses in protocol 77— 
04 occurred in patients not given intrathecal CNS 
prophylaxis, and, in fact, only 1 patient failed CNS 
intrathecal prophylactic therapy, it is unlikely that 
CNS relapse will constitute a major problem in 
the future as long as intensive intrathecal prophy- 
laxis is given. It is of interest that abdominal recur- 


rence occurred in 9 of 26 (33%) patients who had 
had abdominal irradiation in the COM and COMP 
protocols (excluding partial responses), but in only 
4 of 54 patients (7%) in 77-04, in which abdominal 
irradiation was not given. This difference is statisti- 
cally significant (p = 0.007). Among 48 patients 
with intra-abdominal disease treated on protocol 
77-04, only 10 patients (20%) failed in the abdo- 
men, including 6 partial responders. This strongly 
suggests that radiotherapy (or at least abdominal 
irradiation) is not a useful treatment modality for 
abdominal lymphomas treated intensively with 
chemotherapy. 

Whether the current protocol has any advan- 
tage over the previous protocols is not entirely 
clear since numbers for comparison are quite 


7. Burkitt’s Lymphoma: Clinical Aspects and Treatment 


TABLE 7-14 Reasons for Failure in National Cancer 
Institute 


Protocol 

Outcome COM/COMP 77-04 
Total patients 37 54 
Partial response 0 7 (13)2 
Isolated CNS relapse 2 (5) 7(13) 
Systemic relapse® 15 (40) 7 (13) 
Bone marrow relapse 7 (19) 2 4 
Total failures 17 (45) 24 (39) 


* Percentage of total patients is indicated in parentheses. 
> Includes bone marrow. 


small, and some differences exist between the two 
series of patients (e.g., in median age). At the pres- 
ent time, however, there is a trend that favors 
protocol 77-04 with regard to the fraction of pa- 
tients in complete remission who remain free of 
relapse. In the COM and COMP protocols, 18 
of 35 patients (51%) who achieved complete remis- 
sion never relapsed, whereas in 77-04, 33 of 47 
patients who achieved complete remission (70%) 
remain in continuous complete remission. Empha- 
sis in the future will need to be on patients with 
chemotherapy-resistant tumors from the outset 
and those with extremely widespread disease. 


Children’s Cancer Group Study and Other Studies 
from the United States and Canada 

One large North American clinical trial that in- 
cludes BL is that of the Children’s Cancer Study 
Group (CCSG).®! In 1977 the CCSG initiated a 
randomized trial in children below 17 years old 
with non-Hodgkin’s lymphoma and less than 25% 
lymphoma cells in the bone marrow. (This crite- 
rion was not used in the NCI trials and should 
be borne in mind when making comparisons. In 
protocol 77-04, for example, 8 patients had diffuse 
bone marrow involvement of over 50%, and only 
one remains alive. Exclusion of these patients 
would bring the proportion that achieved continu- 
ous complete remission to over 70%.) Patients 
were randomized to either a 4-drug (cyclophos- 
phamide, vincristine, methotrexate, and predni- 
sone) arm (Table 7-12), or a ten-drug arm—a 
slightly modified version of the LSA2-L2 regimen 
described by Wollner et al., which was developed 
at Memorial Hospital in New York City.!*? Both 
arms included intrathecal methotrexate and radia- 
tion to all sites of bulk disease (over 3 cm’). Of 
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235 patients entered into this study, 114 were diag- 
nosed as having undifferentiated lymphoma after 
central histologic review; 45 of these 114 were di- 
agnosed as having BL. An additional 33 patients 
were diagnosed as having diffuse histiocytic lym- 
phoma. 

There was a difference in relapse-free survival 
between the two arms of this regimen. Of those 
with nonlocalized, “nonlymphoblastic” lymphoma 
(i.e., undifferentiated and diffuse histiocytic lym- 
phomas), 57% of 53 patients treated with the 4- 
drug regimen were alive and free of disease at 3 
years, while 28% of 43 patients in the 10-drug 
arm were alive and disease free. Considering only 
undifferentiated non-Burkitt’s lymphoma with 
nonlocalized disease, the respective relapse-free 
survival figures were 59% and 30%, while for BL 
the respective figures were 61% and 23%. Al- 
though the number of patients in histologic sub- 
groups was small (32 patients with non-Burkitt’s 
lymphoma and 23 with BL), the results of this 
study support the probability that histology in 
“nonlymphoblastic lymphomas” is not of prognos- 
tic significance. For patients with limited disease, 
3-year relapse-free survival was close to 80% in 
all histologic groups, although, again, there ap- 
peared to be a small advantage (not statistically 
significant) to the 4-drug regimen. This regimen 
was also less toxic. 

The main conclusion of this study was that the 
4-drug regimen was superior to the slightly modi- 
fied LSA2-L2 regimen for patients with ‘‘nonlym- 
phoblastic” lymphomas. When allowance is made 
for the differences in entry criteria (age and bone 
marrow involvement) for patients entered into the 
CCSG study as compared to the NCI study, the 
results are comparable in spite of the fact that 
local irradiation was used, and treatment extended 
over 18 months in the CCSG study. 

Other published series of patients with undiffer- 
entiated lymphomas treated in North America are 
too small to draw valid conclusions. The original 
LSA2-L:2 series!*? appears to have a paucity of such 
conducted at St. Jude Hospital (Memphis) in pa- 
tients below 19 years with non-Hodgkin’s 
lymphoma.*? Although 27 patients were diagnosed 
as having undifferentiated lymphoma, and after 
reclassification by the Lukes-Collins scheme, 19 
were Said to have small, noncleaved cell malignant 
lymphoma, the results of treatment were not sepa- 
rated from those of 20 patients classified as having 
lymphoblastic lymphoma (Rappaport term). Thus, 
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although overall disease-free survival at 2 years 
for the 88% of patients who achieved complete 
remission was predicted to be a little over 50%, 
and patients with limited disease had a 90% pre- 
dicted long-term survival, while patients in stages 
III and IV (using the St. Jude system—see Murphy 
et al.,92 Table 7-5) had a less than 40% disease- 
free survival, conclusions cannot be drawn as to 
the results of this protocol in patients with undif- 
ferentiated histologies. In all patients with exten- 
sive disease, however, irradiation of sites of bulk 
disease did not improve the therapeutic efficacy, 
but did increase toxicity compared to the chemoth- 
erapy regimen alone (vincristine, cyclophospham- 
ide, doxorubicin, and prednisone followed by 2 
years of maintenance with 6-mercaptopurine and 
methotrexate). 

Because of the generally poor results of therapy 
in patients with extensive BL, a team at the Univer- 
sity of Minnesota examined the role of very inten- 
sive therapy (cyclophosphamide, BCNU, cytosine 
arabinoside, and total-body irradiation, CRAB) 
followed by allogeneic bone marrow transplanta- 
tion in a small group of patients with extensive 
disease who achieved complete response initially 
to standard therapy. Although 3 of 6 patients re- 
mained relapse free at the time of reporting, 2 
had graft-versus-host disease.'© Thus, the overall 
results of this approach may prove not to be supe- 
rior to more conventional therapy. 


European Studies 


In a retrospective study carried out at the Centre 
Leon Berard, Lyon, France, in patients below 16 
years of age with non-Hodgkin’s lymphoma,"? 47 
of 87 patients (54%) were histologically diagnosed 
as having BL. These patients were treated with 
several regimens between 1965 and 1979, including 
cyclophosphamide alone, cyclophosphamide and 
vincristine, or, since 1973, cyclophosphamide, vin- 
cristine, prednisone, and doxorubicin (COPAD). 
Four of these patients died soon after presentation, 
and 9 (19%) had no response to therapy. The 
overall predicted survival at 4 years was 40%. 


TABLE 7-15 BACT Regimen 


I. Magrath 


There was a marked difference in survival between 
patients with limited disease (including patients 
with completely resected abdominal tumor), of 
whom more than 85% survived, and patients with 
extensive disease (33 patients), of whom less than 
25% survived. A protocol that incorporates very 
high dose components is currently being used in 
France. The results are awaited with interest. 

A study carried out in Vienna using the LSA>:- 
L2 protocol!*? confirmed the findings of the CCSG 
group—that this protocol is considerably less ef- 
fective for patients with undifferentiated histolo- 
gies than for patients with lymphoblastic lym- 
phoma (Rappaport term).11° 


Relapse Patterns and Treatment of 
Relapse 


The primary objective of chemotherapy is to in- 
duce prolonged disease-free survival, i.e., to pre- 
vent relapse. As this goal is approached, it is to 
be anticipated that patients who do relapse will 
have highly resistant tumors and an extremely 
grave prognosis. In general, this applies at present 
to BL in the United States and Europe. At the 
NCI only 7 of 29 patients with BL have survived 
relapse: 3 had isolated CNS recurrence!?? and 4 
had extensive systemic relapse, including bone 
marrow involvement in 3. These 4 patients 
achieved long-term survival after very intensive 
therapy®* using a regimen of BCNU, cytosine ara- 
binoside, cyclophosphamide, and 6-thioguanine 
(BACT) (Table 7-15). A total of 19 patients with 
BL were treated according to the BACT protocol, 
9 of whom received autologous marrow rescue. 
Recovery from marrow hypoplasia appeared to 
be delayed by approximately 1 week in patients 
who did not receive a marrow autograft.® 

The latest relapse seen at the NCI Pediatric 
Oncology Branch in over 100 patients with BL 
was at 10 months from the start of treatment. 
One patient with an initial diagnosis of undifferen- 
tiated non-Burkitt’s lymphoma, altered to “large 
cell” lymphoma upon review, relapsed 3 years after 


Day 1 
Days 2-5 


BCNU 200 mg/m? 


Cyclophosphamide 45 mg/kg i.v. every 24 hr (4 doses, total 180 mg/kg) 


Cytosine arabinoside 100 mg/m? i.v. every 12 hr (8 doses, total 800 mg/m?) 
6-Thioguanine 100 mg/m? i.v. every 12 hr (8 doses, total 800 mg/m?) 
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presentation but has since been in complete remis- 
sion for 10 months after a complete surgical resec- 
tion and 6 cycles of protocol 77-04. Apart from 
this patient, the relapse pattern of undifferentiated 
non-Burkitt’s lymphoma has not differed from that 
of BL. 

It is of interest that patients who fail high-dose 
therapy for relapse almost invariably develop bone 
marrow infiltration, even though they may never 
have had bone marrow involvement before. 
Whether this is a consequence of the profound 
myelosuppressive effect of intensive therapy, or the 
development of overt marrow disease in patients 
with previously occult marrow involvement 
(which has now been documented to occur in at 
least 16% of patients with a microscopically nor- 
mal bone marrow’2’), or even the result, in some 
cases, of reinfusion of bone marrow-containing 
occult tumor cells, is not known. It is possible, 
however, that the presence of bone marrow in- 
volvement, whether occult or overt, is a sign of 
a biologic difference that signifies a poor prognosis 
with current therapeutic approaches. 

Irrespective of these considerations, the man- 
agement of patients who relapse after intensive 
primary therapy or of partial responders is im- 
mensely difficult. Apart from the NCI patients 
who achieved long-term survival with BACT, and 
occasional patients treated with allogeneic or auto- 
logous marrow after very intensive chemotherapy 
at other centers,®%1© there are few promising ap- 
proaches. A recent pilot study at the NCI of high- 
dose cyclophosphamide and high-dose cytosine 
arabinoside with or without total-body irradiation 
and autologous bone marrow reinfusion resulted 
in only 1 long-term survivor of 15 patients treated. 
The results of allogeneic marrow transplantations 
after high-dose therapy during the first remission 
in patients with extensive disease do not suggest 
that this approach will be successful in relapsed 
patients. They, likewise, do not engender enthusi- 
asm for alternative approaches to allogeneic mar- 
row—such as autologous marrow treated with ei- 
ther drug!?* or antibody!!4 to remove putative 
occult tumor cells—unless improved preparative 
regimens can be devised. 

Future approaches include the novel use of 
conventional agents—e.g., high-dose cytosine 
arabinoside"! or BCNU?#8—or newer methods of 
unknown potential—e.g., interferon, monoclonal 
antibodies, or even differentiation-inducing agents, 
such as retinoids. 
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In the African patient relapse patterns are in 
general similar, but the outcome of treatment for 
relapse is dramatically different. About one-half 
of all patients who relapse achieve prolonged sur- 
vival—sometimes after a succession of relapses (up 
to six have been recorded prior to long-term dis- 
ease-free survival—in this case, 7 years).140-145 
Many of these multiple relapses involve the CNS, 
and all are treated with conventional chemother- 
apy, often using the same drugs repeatedly. This 
remarkable finding has been completely unex- 
plained. It clearly shows, however, that relapse 
in African BL is not simply a matter of chemother- 
apy resistance, although some patients do ulti- 
mately have no response to treatment. It has been 
stated that patients who relapse early (e.g., within 
3 months) in Africa have a much worse prognosis 
than those who relapse late (after 3 months).14° 
While this is true overall, it is also true that early 
relapse is much more frequently associated with 
patients with extensive disease. In this group a 
much greater proportion of relapses occurs within 
3 months. If remission duration within stage is 
examined, however, there is no correlation with 
prognosis, so that early and late relapse seem ap- 
pear to correlate directly with the initial stage of 
disease rather than being determinants of survival 
in their own right. 

The peculiar relapse pattern in the African pa- 
tient does raise the issue of the duration of therapy. 
Perhaps the relapse rate could be markedly re- 
duced by some form of continued therapy through- 
out the first 6-12 months, as opposed to treatment 
for only 2-3 months. The value of maintenance 
therapy has never been studied in African BL, 
but it may be more appropriate in African than 
in American BL. 


Conclusions 


BL is a model neoplasm. Its provocative geo- 
graphic distribution in Africa stimulated a search 
for a viral etiology and led to the discovery of 
EBV and new insights into the role of this virus 
in other kinds of human lymphoproliferative dis- 
ease. Differences between African and American 
tumors have motivated studies to elucidate the 
cellular origins of these neoplasms. The character- 
istic chromosomal abnormalities in a B cell neo- 
plasm have stimulated intensive research into 
pathogenetic mechanisms at a molecular level, 
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considerably aided by the availability of continu- 
ous cell lines. The management of this rapidly pro- 
liferative neoplasm presents a challenge to the cli- 
nician, ranging from the complications of acute 
tumor lysis to the development of increasingly ef- 
fective drug combinations. About two-thirds of 
all patients can currently be cured with chemother- 
apy alone, or surgery followed by chemotherapy. 
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CHAPTER 8 


Sarcoidosis of the Lymph Nodes 
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Sarcoidosis is one member of a large family of 
granulomatous disorders in which the common 
denominator is the histology of epithelioid cell 
granulomas. Like many other members of this 
loose-knit family, its etiology is unknown. It is a 
multisystem disorder that most commonly affects 
young adults presenting with intrathoracic, skin, 
and eye lesions. The diagnosis is most secure when 
clinicoradiographic findings are supported by his- 
tologic evidence of widespread noncaseating epi- 
thelioid cell granulomas in more than one system 
or by a positive Kveim-Siltzbach skin test. There 
is evidence of depression of delayed-type hypersen- 
sitivity with impairment of thymus-mediated sup- 
pressor T cells in the peripheral blood but with 
evidence of increased numbers and activity of 
helper T cells in the lungs and in bronchoalveolar 
fluid. These helper T cells activate B cells to pro- 
duce raised serum immunoglobulins, raised 
lambda and kappa light chains, and increased titers 
of serum antibodies against many antigens. Other 
common features are circulating immune com- 
plexes also hypercalciuria with or without hyper- 
calcemia. 

The course and prognosis correlate with the 
mode of onset; an acute onset with erythema nodo- 
sum heralds a self-limiting course and spontaneous 
resolution, while an insidious onset may be fol- 
lowed by relentless progressive fibrosis (Table 8— 
1). Corticosteroids relieve symptoms and suppress 
inflammation and granuloma formation. 


Pathology and Differential Diagnosis 
There are numerous causes of lymph node granu- 


lomas that are histologically nonspecific (Tables 
8-2 and 8-3). The diagnosis of lymph node sarcoi- 


dosis demands a synthesis of a compatible clinical 
picture, certain histologic features, and character- 
istic chest radiographic changes. 

The epithelioid cell granuloma in the lymph 
node consists of discrete focal collections of epithe- 
lioid cells. Langhan-type multinucleate giant cells 
are frequently present together with admixed lym- 
phocytes (Figure 8-1). Plasma cells are incon- 
spicuous and eosinophils are absent. In the healing 
phase fibroblasts proliferate with the deposition 
of reticulin and production of collagen. Central 
necrosis is absent or inconspicuous. It is essential 
to exclude similar granulomas due to infections, 
parasitic infestation, mineral and chemical agents, 
and foreign material (Table 8-2). 

Bone marrow and blood monocytes become ac- 
tivated macrophages, epithelioid and giant cells. 
Epithelioid cells show abundant vacuolated cyto- 
plasm rich in Golgi complexes and smooth and 
rough endoplasmic reticulum. Mucoprotein-con- 
taining secretory vesicles are conspicuous, and 
mitochondria are well developed and prominent. 
Evidence of phagocytosis and lysosomes are 
inconspicuous. The cell margins show complex in- 
terdigitating processes, closely related to intermin- 
gled lymphocytes. Langhan-type giant cells, aris- 
ing from fused epithelioid cells, show similar 
cytoplasmic features. The evidence suggests that 
these cells are secretory rather than phagocytic 
and that they are the probable source of angioten- 
sin-converting enzyme and of lysozyme. The ad- 
mixed lymphocytes are T cells, which are conspic- 
uous. B cells are inconspicuous, and electron 
microscopy is needed to detect epithelioid cells 
which are rich in rough endoplasmic reticulum 
and probably secreting immunoglobulins.® 

The nature of the uncommon central “necrosis” 
is still somewhat in dispute. It can be distin- 
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TABLE 8-1 Features Distinguishing Active from Inactive Sarcoidosis 
Features Active Inactive 
Age (years) Under 35 Over 50 
Onset Abrupt Insidious 
Chest x-ray Changing Static 
Skin Erythema nodo- Plaques, scars, ke- 
sum, vesicles, loids 
maculopapular 
rash, 
Eyes Conjunctivitis, Claucoma, cataract 
uveitis 
Fluorescein angiogra- Yes No 
phy leakage 
Histology Epithelioid/giant Hyaline fibrosis 
cells 
Calcium metabolism Abnormal Normal 
Urinary hydroxyproline Increased Normal 
Kveim-Siltzbach test Positive Negative 
Tuberculin test Negative May be positive 
T helper: suppressor ra- 
tio 
Lungs 10.5:1 14:1 
Blood 0.8:1 1:1 
IaT Increased Normal 
B cells (activated by T Yes No 
helper) 
Serum immunoglobu- Raised + 
lins 
Kappa and lambda Raised Normal 
chains 
SACE Elevated Normal 
Serum lysozyme Elevated Normal 
Serum collagenase Elevated Normal 
Gallium scan Positive Negative 
Immune complexes Present Absent 


guished, however, from the complete necrosis— 
caseation—of tuberculosis by the persistence of 
reticulin and abundance of denatured, structure- 
less “hyalinized” collagen. A search for the re- 
cently recognized subgroups of collagen, in partic- 
ular type I and type HII, may prove of value in 
the further distinction. The complete replacement 
of the active cellular granuloma by focal hyalinized 
collagen may be the only clue to old healed sarcoi- 
dosis. 

A variety of cell inclusions, in particular Schau- 
mann and asteroid bodies, are common in, but 
not confined to, sarcoidosis.? As with focal hyaline 
scars, the presence of Schaumann bodies is useful 
in the diagnosis of sarcoidosis even in the absence 
of cellular granulomas. 

A notable feature of sarcoidosis in lymphoid 
and other tissues is the combination of old scar- 


ring, as above, with “fresh” cellular granulomas. 
This supports the thesis that the unknown cause 
persists and cannot be degraded by the cellular 
defense mechanisms, including macrophages; it 
raises the question whether sarcoidosis is indeed 
a disease of defective, impotent macrophages. 

These cellular details of the sarcoid granuloma 
are also found in noncaseating tuberculosis, 
chronic beryllium disease, Crohn’s disease, and 
extrinsic allergic alveolitis, but the pattern and dis- 
tribution of granulomas within lymph nodes is fre- 
quently different in the various diseases. In sarcoi- 
dosis the granulomas are widely distributed 
throughout the node and primarily start in the 
interfollicular T cell zones. Coalescence and fusion 
of the granulomas is uncommon. 

Although histologic distinction of the granulo- 
mas of sarcoidosis from other diseases is not al- 
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TABLE 8-2 Disorders Associated 
with Granulomatous Lymph Nodes 


Infections 
Mycobacteria 
M. tuberculosis 
M. kansasii 
M. xenopei 
M. avium 
M. intracellulare 
M. scrofulaceum 
M. leprae 
Bacteria 
Brucella 
Francisella tularense 
Pseudomonas mallei 
Proprioni 
Yersinia 
Spirochaetes 
Treponema pallidum 
Fungi 
Blastomyces 
Coccidioides immitis 
Histoplasma capsulatum 
Cryptococcus neoformans 
Protozoa 
Leishmania 
Toxoplasma 
Other 
Cat scratch disease 
Schistosoma 
Filaria 


Chemicals: beryllium 


Immunologic disturbance 
Sarcoidosis 
Crohn’s disease 
Primary biliary cirrhosis 
Hypogammaglobulinemia 
Whipple’s disease 
Immune complexes 


Enzyme defect: chronic granuloma- 
tous disease of childhood 


Neoplasia 
Reticulosis 
Carcinoma 


ways possible, let us compare them with other 
granulomatous lymph node disorders (Tables 8- 
2, 8-3, and 8-4). 


Infections 


The granulomas caused by Mycobacterium tuber- 
culosis frequently involve only part of the lymph 
node, usually coalesce, and frequently surround 
a large central area of caseation (Figure 8-2). In 
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patients with a high degree of immunity against 
tuberculosis the granulomas remain discrete and 
noncaseating and may be indistinguishable from 
sarcoidosis. Reliance must then be placed on de- 
tecting mycobacteria by special staining and by 
culture. All tissue labeled sarcoidosis must be cul- 
tured for mycobacteria, and care must be taken 
to adjust culture temperatures to meet the require- 
ments of various mycobacteria. 

Enlargement of lymph nodes is a feature of pri- 
mary tuberculosis infecting hilar lymph nodes or 
M. bovis infecting cervical and mesenteric lymph 
nodes. Secondary or reinfected tuberculosis does 
not cause enlargement of lymph nodes. The spleen 
is involved when there is miliary spread from both 
primary and secondary infection. 

M. balnei, causing “swimming pool” granulo- 
mas, infects axillary and inguinal lymph nodes. 
The draining lymph nodes are heavily involved 
with extensive caseation, whereas the primary skin 
infection may be inconspicuous. The microscopic 
picture is similar with M. kansasii, M. xenopei, 
M. avium, and M. scrofulaceum, but plasma cells 
are more evident. 

Lymphadenopathy is a feature of lepromatous 
leprosy (caused by the agent M. leprae). There 
are prominent, large multinucleate lepra cells con- 
taining easily identified bacilli. Epithelioid cell 
granulomas are not a feature of lepromatous lep- 
rosy, but rather of tuberculoid leprosy, in which 
lymphadenopathy is less of a feature. 

Brucella causes loose collections of macro- 
phages admixed with polymorphonuclear leuko- 
cytes, plasma cells, and occasional eosinophils. 
The granulomas are not compact, as in sarcoidosis, 
and Langhan-type giant cells and caseation are 
both inconspicuous or exceptional. 

Yersinia organisms cause granulomatous mes- 
enteric lymphadenitis. Numerous epithelioid cells 
are arranged around many areas of necrosis con- 
taining eosinophils and numerous polymorphonu- 
clear leukocytes to give the picture of a pseudoab- 
scess. Discrete focal granulomas are unusual. The 
same features are seen in the lymph nodes in cat 
scratch disease, which may be causally related. 

Francisella tularense is acquired from rabbits, 
hares, and squirrels, possibly via tick bites. The 
histology is similar to yersinia infection with pali- 
sading epithelioid cells surrounding a pseudoab- 
scess. 

Pseudomonas mailei causes glanders in horses, 
but rarely affects man. The histology is similar 
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Ficure 8-1 Sarcoid lymph node showing numerous FIGURE 8-2 Tuberculous lymph node showing caseat- 

noncaseating discrete granulomas with three Schau- ing central granuloma. Note that surrounding discrete 

mann bodies. Hematoxylin and eosin stain, <51. granulomas could be mistaken for sarcoidosis. Hematox- 
ylin and eosin stain, X26. 


TABLE 8-4 Differences Between Sarcoidosis and Tuberculosis 


Features Sarcoidosis Tuberculosis 

Age (years) 20-50 Any 
Fever Rare Common 
Weight loss Rare Common 
Erythema nodosum Common Uncommon 
Uveitis, skin involvement, enlarged Common Very rare 

parotids, enlarged lacrimals, bone 

cysts 
Involvement of pleura, pericardium, Very rare Common 

peritoneum, small intestine, 

meninges 
Ulceration and sinuses No Common 
Caseation Minimal Maximal 
Tuberculin test Negative in 66% Positive in most 
Lymphocyte blastic transformation Depressed Augmented or normal 
Kveim-Siltzbach test Positive in 78% Negative 
Angiotensin-converting test Elevated Normal 
Hypercalcemia Yes No 
Hypercalciuria Yes No 
Hilar lymphadenopathy Bilateral Unilateral 
Ghon focus No Yes 
Pulmonary cavitation Rare, late Common, early 
Calcification Rare Common 
Corticosteroids Helpful Harmful alone 
Antituberculous drugs Unhelpful Curative 
Bacillus Calmette-Guerin No Yes 


vaccination protective 
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to that caused by Yersinia, with considerable ne- 
crosis surrounded by epithelioid and a few giant 
cells. 

Generalized lymphadenopathy is a feature of 
secondary syphilis (caused by the agent Treponema 
pallidum). The distinguishing features are the ex- 
cess of plasma cells, paucity of giant cells, and 
lack of necrosis. (If the lymph node has been sub- 
jected to the Jarisch-Herxheimer reaction, then 
necrosis is evident and may resemble caseating 
tuberculosis.) 

Toxoplasma is one cause of glandular fever. 
The lymph node appearance may be indistinguish- 
able from sarcoidosis. Scattered isolated macro- 
phages may give a starry-sky appearance. 

Leishmania causes a generalized lymphade- 
nopathy associated with hepatosplenomegaly. Sin- 
gle or focal collections of macrophages are seen 
to contain Leishman-Donovan bodies. Unless spe- 
cial stains are done, there may be superficial confu- 
sion with sarcoidosis or tuberculosis. 

Ova of Schistosoma may be embedded within 
an epithelioid cell granuloma. Giant cells are of 
multinucleate giant cell type and eosinophils are 
conspicuous. In a late stage, calcified ova may be 
buried in fibrous nodules; they are distinguished 
from Schaumann bodies because they lack the ag- 
gregated spherules and crystalline material. 

Histoplasma capsulatum causes hilar and pe- 
ripheral lymphadenopathy. Histoplasmosis mim- 
ics sarcoidosis clinically, in the chest radiograph, 
and in lymph node tissue sections. The organism 
is observed within macrophages and epithelioid 
cells with the help of PAS and silver staining. 
Similar superficial confusion may be associated 
with Coccidioides immitis and Cryptococcus neo- 
formans. Caseous necrosis is such that at first 
glance histology favors tuberculosis rather than 
sarcoidosis. 


Chronic Granulomatous Disease of 
Childhood 


Killing of bacteria depends on a burst of respira- 
tory enzyme activity, which leads to the produc- 
tion of hydrogen peroxide and superoxide in 
phagocytes. Neutrophils in chronic granulomatous 
disease of childhood are unable to kill some in- 
gested bacteria because they are deficient in en- 
zymes needed for this superoxide respiratory burst. 
These defective enzymes may be nicotinamide ade- 
nine dinucleotide phosphate (NADPH) oxidase, 
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myeloperoxidase, cytochrome B, pyruvate kinase, 
glucose-6-phosphate dehydrogenase, each perhaps 
contributing a different clinical profile. The prob- 
lem might also be a lack of lysozyme or lactoferrin. 

The classical X-linked disorder occurs in boys 
about 5 years of age, presenting with hepatosple- 
nomegaly, generalized lymphadenopathy, weeping 
granulomatous skin lesions, and diffuse miliary 
lung infiltration. The histology is of multisystem 
sarcoid granulomas. There may be more than one 
X-linked form and also more than one autosomal 
recessive variety. The group is heterogeneous be- 
cause there are now reports of defective oxidative 
metabolism with phagocytic stimuli such as bacte- 
ria, but not with nonphagocytic soluble metabolic 
stimuli such as sodium fiuoride or concanavalin 
A. There is certainly more than one mechanism 
for initiating oxidative metabolism. 

Patients with chronic granulomatous disease of 
childhood only suffer from catalase-producing 
staphylococci and enterbobacteria. Organisms that 
lack catalase supply the neutrophil with the hydro- 
gen peroxide for their own destruction. Thus cata- 
lase-negative organisms, such as pneumococci or 
streptococci, present no problem to these patients. 

Neutrophil leukocytes of normal patients with 
bacterial infections reduce nitroblue tetrazolium 
from colorless to form blue-black formazan gran- 
ules in the cytoplasm. This fails to occur in the 
leukocytes of children with chronic granulomatous 
disease of childhood or in the mothers of the 
X-linked variety. 


Neoplasia 


Many tumors are granuloma forming in the tumor 
itself or in the regional lymph nodes. Moreover, 
radiotherapy and cancer chemotherapy may con- 
tribute to granuloma formation. Well-recognized 
granuloma-producing tumors are pinealoma, dys- 
germinoma, seminoma, malignant nasa! granu- 
loma, and reticulum cell sarcoma. In practice, 
difficulty in interpretation arises when the patholo- 
gist is given insufficient biopsy material. 

The greatest confusion leading to the most un- 
fortunate results is that between sarcoidosis and 
Hodgkin’s disease (Table 8-5). Intrathoracic 
Hodgkin’s disease most frequently involves the up- 
per mediastinum; the subcarinal and posterior me- 
diastinal nodes are seldom involved without en- 
largement of the upper mediastinal nodes. The 
hilar nodes tend to fuse with the right cardiac 
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TABLE 8-5 Differences Between Sarcoidosis and Hodgkin’s Disease 


Features Sarcoidosis Hodgkin’s Disease 

Age (years) 20-40 20-40 

Sex (M:F) Equal Males 3:1 

Weight loss Rare Common 

Splenomegaly Rare Frequent 

Submental lymph nodes Infrequent Frequent 

Erythema nodosum Frequent Rare 

Gut symptoms Absent Common 

Pruritus Absent Common 

Bone lesions “Punched out” Sclerotic lesions of 
phalangeal Spine and pelvis 
cysts 

Sclerotic lesions No Mixed sclerotic/osteo- 


Leukocytosis, lymphopenia, 
eosinophilia 

Hilar lymphadenopathy 

Hilar gland pressure symptoms 

Pulmonary infiltration 

Pulmonary infiltration followed by 
hilar adenopathy 

Pleural effusion 

Skin lesions 


Secondary infections 
Abdominal lymphangiogram 
Delayed-type hypersensitivity 
Immunoglobulins 
Kveim-Siltzbach test 
Radiotherapy 
Corticosteroids 


Immunosuppressive regimens 
Prognosis 


Not a feature 


lytic in 16% 
May be present 


Bilateral Bilateral or unilateral 

No Yes 

Common Uncommon 

Never Yes 

Rare Common 

Distinctive Specific histology with 
histology eosinophilia 

Rare Common 

Normal Abnormal 

Depressed Depressed 

Abnormal Normal 

Positive Negative 

Unhelpful Curative 

Therapy of Helpful 
choice 

Not indicated Indicated 

Good Guarded 


border, whereas in sarcoidosis the right hilar nodes 
stand away from the right border of the heart. 


Mineral Particles 


Even in the absence of overt exposure, and with 
no evidence of silicosis, granulomatous reaction 
to silica is a common finding in mediastinal and 
other lymph nodes and in inguinal glands follow- 
ing road accidents. The brightly birefringent crys- 
talline particles are readily identified with polar- 
ized light (which is essential for all examinations 
of granuloma-containing material). The highly fi- 
brogenic silica is surrounded by whorled fibrotic 
nodules. 

Talc is a persisting indigestible material that 
stimulates macrophage production, resulting in fo- 
cal collections of cells, including foreign-body gi- 


ant cells. Tale is recognized by its birefringence 
and the platelike shape of the crystals. 

Chronic beryllium disease closely mimics sar- 
coidosis, but enlargement of hilar lymph nodes 
is rare. The epithelioid cell granulomas are histo- 
logically indistinguishable from those of sarcoido- 
sis and can affect any organ. Diagnosis is deter- 
mined by a history of exposure, the finding of 
beryllium in the tissues, and a positive in vitro 
lymphocyte transformation test. 


Immunologic Disorders and Lymph Node 
Granulomas 


Immunoblastic (angioimmunoblastic) lymphade- 
nopathy is characterized by replacement of the 
architecture by immunoblasts (primitive plasma, 
B lymphocyte cells), with proliferation of small 
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blood vessels, frequently showing small epithelioid 
cell foci. The presence of multinucleate plasma 
cells, eosinophils, and polymorphonuclear leuko- 
cytes, may cause confusion with Hodgkin’s dis- 
ease. The disease is associated with polyclonal hy- 
pergammaglobulinemia. It has a poor prognosis. 

Hypogammaglobulinemia is a rare immune de- 
ficiency state that may affect both B and T cell 
areas of lymph nodes with a loss of follicles and 
paracortical cells, respectively. Scanty, small foci 
of epithelioid cells may occasionally be seen but 
could well be due to infection by unidentified or- 
ganisms, in particular Toxoplasma, to which these 
patients are particularly prone. 


Alimentary Tract Lymph Node Granulomas 


Lymph nodes in Crohn’s disease show isolated 
granulomas in about 20% of cases. Necrosis is 
uncommon, Schaumann bodies are rare, and there 
may be extensive edema and inflammatory hyper- 
plasia. 

Primary biliary cirrhosis may have granulomas 
in portal tract lymph nodes. They occur as iso- 
lated, small granulomas, unassociated with necro- 
sis. There may be superficial diagnostic confusion 
when granulomas are found in abdominal lymph 
nodes, liver, and lung. 

Other unusual causes of granulomas in mesen- 
teric lymph nodes include cholegranulomatous 
lymphadenitis, cystic pneumatosis, and Whipple’s 
disease. Cholegranulomatous lymphadenitis is dis- 
tinguished by the presence of bile and macopro- 
teins within small, diffuse foci of foamy macro- 
phages that only rarely take the form of sarcoid 
epithelioid cell granulomas. The changes result 
from leakage of gall bladder contents in longstand- 
ing chronic cholecystitis. Similar changes are occa- 
sionally found within the liver in relation to ob- 
structed bile ducts and may then cause confusion 
with granulomas found in primary biliary cirrho- 
sis. Cystic pneumatosis is an ill-understood phe- 
nomenon in which gas cysts (unassociated with 
gas-producing organisms) affect the intestinal wall 
and draining lymph nodes. Macrophages and epi- 
thelioid cells surround the cysts, sometimes with 
the formation of Langhan-type giant cells with 
occasional eosinophils. Similar changes may occur 
around lipid-containing cysts in Whipple’s disease, 
which is characterized by prominent periodic 
acid-Schiff staining histiocytes. 
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Miscellaneous Granulomatous 
Lymphadenopathy 


In dermatopathic lymphadenitis lymph nodes 
draining chronic skin diseases contain epithelioid 
and Langhan-type giant cell granulomas mixed 
with sinus histiocytes and distinguished by the 
presence of melanin and lipid pigments and promi- 
nent eosinophils. The alternative name “lipome- 
lanic reticulosis” emphasizes these pseudolympho- 
matous features. 

Silicone lymphadenopathy is a reaction to sili- 
cone particles in lymph nodes draining prostheses. 
Focal collections of macrophages and giant cells 
superficially mimic sarcoid granulomas but are dis- 
tinguished by the presence of faintly birefringent 
organic silicone. 

Lymphangiographic lymphadenopathy is a re- 
sult of reactive changes to commonly used radio- 
opaque solutions such as Lipiodol. Macrophages, 
foreign-body giant cells, and eosinophils accumu- 
late around lipid-filled cysts. Similar changes may 
be caused by oily media used for “depot” injec- 
tions. 

Drug-induced granulomatous lymph nodes are 
chiefly caused by anticonvulsant drugs, particu- 
larly hydantoin, and anti-inflammatory drugs such 
as phenylbutazone. The changes mimic lympho- 
mas, in particular immunoblastic lymphomas; 
these occasional isolated giant cells and small 
macrophage foci seldom if ever mimic the wide- 
spread focal granulomas of sarcoidosis. 

“Allergic” granulomatous lymphadenitis re- 
sults when lymph nodes are the site of polyarteritis 
nodosa, Wegener’s granulomatosis, the Churg- 
Strauss syndrome, or lupus erythematosus. Necro- 
sis is usually conspicuous, vasculitis is constant, 
and eosinophils are prominent. In some cases epi- 
thelioid and Langhan-type giant cells are present 
and directly related to vessel necrosis and frag- 
mented elastica. The giant cells in Wegener’s gran- 
ulomatosis are small and contain eosinophilic cyto- 
plasm and many fixed necrotic nuclei. 


Clinical Features 


Sarcoidosis is a multisystem disease. Data from 
a world-wide survey of 3676 patients attending 
11 sarcoidosis clinics in 9 different countries show 
that involvement of lymph nodes and spleen is 
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just part of widespread sarcoid involvement of in- 
trathoracic tissues, eyes, skin, parotids, nervous 
system, and bone (Table 8-6). In the world-wide 
survey, peripheral lymphadenopathy and _ sple- 
nomegaly occurred in 1031 of 3676 (28%) patients 
with sarcoidosis, and in the Royal Northern Hos- 
pital, London,® peripheral lymphadenopathy was 
noted in 225 (27%) and splenomegaly in 101 
(12%) of 818 patients (Table 8-6).11 

The histology of noncaseating epithelioid cell 
granulomas may be highly suggestive of sarcoido- 
sis, but it is insufficient for diagnosis on its own. 
The diagnosis of sarcoidosis is a synthesis of an 
appropriate multisystem clinical picture, a sugges- 
tive chest x-ray abnormality, histologic evidence, 
and, preferably, other markers of the disease. 

It should always be considered when a patient 
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in the 20-40 year old age group is attending pulmo- 
nary, dermatology, and ophthalmology clinics, for 
these are the disciplines in which it is most often 
seen. General examination of the patient must be 
thorough. It is incomplete unless accompanied by 
a chest radiograph, slit-lamp examination of the 
eyes, and estimation of the 24-hour urine calcium 
output. Clinical features include eye involvement, 
skin lesions, neurosarcoidosis, myocardial sarcoi- 
dosis, and bone cysts. 

Eye involvement includes acute and chronic an- 
terior and posterior uveitis, conjunctival follicles, 
scleritis, and lacrimal gland enlargement. These 
are often interwoven into well-defined patterns of 
disease. Acute iritis, erythema nodosum, and hilar 
adenopathy have a benign, self-limiting course. Lu- 
pus pernio, associated with chronic uveitis, pulmo- 


TaBLE 8-6 Comparison of Sarcoidosis in London Series with the World-Wide Survey 


Royal Northern 


Hospital, London 


World-Wide Survey? 


Sarcoidosis 
Features No. %o No. % 

Total 818 100 3676 100 
Female 500 61 2082 57 
Presentation under 40 years 604 74 2504 68 
White 728 89 — — 
West Indian 81 10 — — 
Intrathoracic 700 88 3224 8 
Erythema nodosum 251 34 640 17 
Lupus pernio 34 4 — — 
Other skin lesions 113 14 324 9 
Ocular lesions 224 27 539 15 
Parotid enlargement 52 6 160 4 
Nervous system 77 9 134 4 
Bone 31 3 109 3 
Lymph nodes and spleen 326 39 1031 28 
Lymphadenopathy 225 27 — 
Splenomegaly 101 12 — — 
Hepatomegaly 82 10 — — 
Heart 27 3 — — 
Lacrimal gland 22 3 — = 
Kidney 10 1 — — 
Upper respiratory tract 53 6 — = 
Systemic corticosteroid therapy 344 42 1738 47 
Mortality due to 

Sarcoidosis 25 3 84 2.2 

Other causes 23 3 54 1.4 
Skin tests 

Positive Kveim-Siltzbach 550/657 84 1714/2189 78 

Negative tuberculin test 488/702 70 2093/3268 64 
Hyperglobulinemia 161/526 31 808/1832 44 
Hypercalcemia 99/547 18 200/1760 11 


2 See ref. 6. 
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nary fibrosis, and bone cysts, is persistent and 
troublesome. Keratoconjunctivitis sicca, with or 
without parotid and lacrimal gland enlargement, 
anterior uveitis, and facial palsy, constitutes Heer- 
fordt’s syndrome (uveoparotid fever). 

A major skin lesion is erythema nodosum. It 
is associated with bilateral hilar lymphadenopathy, 
polyarthralgia, and occasionally acute iritis. It pre- 
dominates in women of childbearing age and is 
often associated with pregnancy or lactation, sug- 
gesting a hormonal factor in its genesis. Transient 
circulating immune complexes may be detectable 
in this phase of sarcoidosis. Lupus pernio is a 
chronic, persistent, violaceous lesion with a predi- 
lection for the nose, cheeks, and ears. It reflects 
chronic fibrotic sarcoidosis. It develops insidiously 
and progresses indolently over the years. Other 
skin lesions include persistent plaques, maculo- 
papular eruptions, scars, and keloids. The keloids 
may be found at the sites of earpiercing, surgery, 
repeated venesection in the antecubital fossa, or 
even tuberculin and other skin tests. 

Neurosarcoidosis occurs in about 4%-7% of 
patients. Facial palsy is the most frequent presenta- 
tion, either alone or with other cranial nerve pal- 
sies or with papilloedema. Other features include 
peripheral neuropathy, myopathy, meningitis, 
space-occupying brain lesions, epilepsy, cerebellar 
ataxia, hypopituitarism, and diabetes insipidus. 
Neurosarcoidosis has a mortality of 10%, which 
is twice the overall mortality of sarcoidosis. Youn- 
ger patients with erythema nodosum are more 
likely to respond to corticosteroids than those with 
space-occupying intracranial mass, chronic skin 
lesions, chronic uveitis, or pulmonary fibrosis. 

Myocardial sarcoidosis is difficult to recognize 
clinically. It should be considered if a patient with 
florid multisystem sarcoidosis develops bundle- 
branch block, arrhythmias, congestive cardiac fail- 
ure, pericarditis, or clinical evidence of cardiomy- 
opathy. Sudden death without previous evidence 
of a heart lesion may occur, particularly in patients 
over 40 years of age. Macroscopic changes are 
most evident in the posterior part of the ventricular 
septum. Microscopy discloses granulomas, fibrous 
tissue, or an admixture. 

Sarcoidosis of bone most often involves hands 
or feet, but very occasionally temporal or frontal 
bones or the hard palate. It is associated with soft 
tissue swelling, joint stiffness, and pain. There is 
no correlation between bone involvement and ab- 
normal calcium metabolism. There are three radio- 
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logic types of bone lesions: (a) In permeative le- 
sions progressive cortical tunneling is seen with 
remodeling of trabecular and cortical architecture. 
(b) In lytic lesions punched-out cysts are associated 
with pressure narrowing of the shaft, pathologic 
fractures, and residual cavities. (c) In destructive 
lesions, rapid destructive change causes secondary 
joint surface involvement, and this may be fol- 
lowed by a periosteal reaction.¥ 


Chest Radiography 


It is customary to stage intrathoracic sarcoidosis 
according to these chest x-ray changes on first 
presentation: stage 0, clear chest x-ray; stage 1, 
hilar lymphadenopathy; stage 2, hilar lymphade- 
nopathy and pulmonary infiltration; and stage 3, 
pulmonary infiltration without hilar adenopathy. 
This is a crude classification with much overlap- 
ping and we are all trying to improve it. Despite 
its many shortcomings, it is simple and, most 
importantly, it is recognized and understood 
throughout the world. 

The chest x-ray changes in a homogeneous 
Royal Northern Hospital series are compared with 
those observed in a heterogeneous world-wide sur- 
vey in Table 8-7. In stage 1, bilateral hilar lymph- 
adenopathy is the most frequent presentation, and 
eventually about three-fifths of the patients achieve 
a clear chest radiograph. Bilateral hilar lymphade- 
nopathy was noted in 438 patients presenting with 
a stage 1 chest radiograph in the London series. 
Hilar adenopathy subsided eventually in 268 of 
458 (59%). The course of the remaining 190 was 
variable. Pulmonary infiltration developed in 92, 
and this persisted as the hilar glands subsided in 
30 instances. Steroid therapy was not related to 
the outcome, for it was given to two-thirds of those 
who had persistent x-ray changes and only one- 
third of those who attained chest x-ray resolution. 

Hilar adenopathy was accompanied by pulmo- 
nary infiltration (stage 2) on presentation in 150 
patients, with eventual resolution in 59 (39%). 
Persistent changes in the remainder consisted 
equally of infiltration with or without adenopathy. 
Steroid therapy again had little influence on the 
outcome: steroids were used with equal frequency 
in those who had persistent changes and in those 
achieving resolution. Pulmonary infiltration with- 
out adenopathy (stage 3) was noted on presenta- 
tion in 92 patients, and 35 (38%) achieved subse- 


150 


D. G. James and W. Jones Williams 


TABLE 8-7 Intrathoracic Involvement on Chest X-Ray and Eventual Resolution 
in London Series and in World-Wide Survey 


Royal Northern 


Hospital Series* 


World-Wide Survey 


Sarcoidosis 
Features No. % No. % 
Total 818 100 3654 100 
Stage at presentation 
118 13 271 8 
1 458 65 1865 51 
2 150 22 1066 29 
3 92 13 446 12 
Eventual chest x-ray 
resolution (by 
stage) 
1 268 59 1217 65 
2 59 39 490 46 
3 35 38 90 20 
Overall resolution 362 52 1797 49 


4 See ref. 11. 


quent resolution. Steroid therapy again did not 
correlate with resolution. 


Immunology 


Acceleration in our understanding of immune 
mechanisms is due to accumulated data on the 
cell types found in bronchoalveolar fluid, histo- 
chemical and electron microscopic advances, and 
the identification of the many different enzymes 
and proteins associated with these cell types. Sar- 
coidosis is characterized by dysfunction of circu- 
lating T cells and overactivity of B cells, and by 
the frequent presence of circulating immune com- 
plexes. When the lungs are invaded by the causa- 
tive antigen, helper T cells become evident in large 
numbers at sites of antigen-antibody activity, in- 
cluding bronchoalveolar fluid. This is precisely 
what might be expected of the body defenses. At 
this time, the peripheral blood is starved of helper 
T cells, but it retains a conspicuous number of 
anergic suppressor T cells. This may partially ex- 
plain the cutaneous and in vitro anergy and, in 
particular, the negative tuberculin skin test reac- 
tion. 

Helper T cells stimulate B cells so that all 
classes of serum immunoglobulins are increased, 
and circulating antibodies to Epstein-Barr virus, 
herpes virus, rubella, measles, parainfluenza vi- 


ruses, Chlamydia, and even Propionibacterium are 
significantly increased; also noted have been in- 
creased antibody production to mismatched blood 
and occasionally false-positive Wassermann reac- 
tions. A radioimmunoassay technique, easily car- 
ried out, now shows that increased kappa and 
lambda chains also reflect B cell overactivity. They 
are raised in 79% of patients with active sarcoido- 
sis of more than 2 years’ duration, 10% of patients 
with recent active disease, and only 1% of patients 
with healed inactive sarcoidosis; they are normal 
in tuberculosis. 

The macrophage is switched on by helper T 
cells into a frenzy of activity. Macrophages clump 
together into actively secreting epithelioid and gi- 
ant cells, which coalesce into a sarcoid granuloma. 
This activity is measured by (a) increased tissue 
(TACE), serum (SACE), and bronchoalveolar la- 
vage fluid (LACE) levels of angiotensin-converting 
enzyme, (b) raised lysozyme, collagenase, elastase, 
lactate dehydrogenase, and glucuronidase in bron- 
choalveolar fluid, and (c) increased chemilumines- 
cence. There is a good SACE-LACE correlation 
for intrathoracic sarcoidosis, but this correlation 
is poor in widely disseminated sarcoidosis because 
of still greater elevations of LACE. It is possible 
to measure not only this enzyme activity, but also 
protein activity in bronchoalveolar fluid. There is 
an increase of orosomucoid, a,-antitrypsin, and 
protein L1. 
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Immune complexes are present in about 50% 
of sarcoid patients and are inversely related to T 
helper cell levels. Clinical hallmarks are erythema 
nodosum, polyarthralgia, uveitis, meningism, and 
a greatly elevated sedimentation rate; but some 
studies have failed to establish a close correlation 
between immune complexes, clinical findings, and 
radiographic stages of sarcoidosis. 

Attention is now being increasingly focused on 
recognition of the cell types involved in sarcoidosis 
and measurement of their activity. The Bo-micro- 
globulin is a low molecular weight protein (11,800 
daltons) that constitutes part of the HLA antigens 
on the cell surface. Activated T cells increase its 
production, and this increase can be measured in 
both blood and bronchoalveolar lavage fluid. 

B cell activity can be measured by levels of 
light chains; activated macrophages by SACE, 
LACE, collagenase, and lysozyme levels; and poly- 
morphonuclear leukocyte activity by lactoferrin 
levels. Histochemistry may differentiate acute from 
chronic sarcoidosis in crysostat sections. High ac- 
tivity of acid phosphatase and leucine aminopepti- 
dase indicates rapid resolution of the sarcoid pro- 
cess and a good prognosis. Killer and natural killer 
cell activity indicates high activity, particularly 
in advanced pulmonary disease. 

The uptake of gallium-67 is a measure of macro- 
phage activity, correlating with T cell activity, and 
is yet another dimension of sarcoid granuloma for- 
mation. 

Persons who are HLA-A1-B8 are more likely 
to express their sarcoidosis in the form of erythema 
nodosum, acute arthritis, and anterior uveitis.12 
This is of some interest because, in general, pa- 
tients with anterior uveitis or seronegative polyar- 
thritis are most likely to be HLA-B27; this is not 
so in sarcoidosis. There is also some evidence that 
when sarcoidosis develops in persons who are 
HLA-B13, it is likely to be chronic and persistent. 
This is another aspect that should be resolved by 
monoclonal antibody studies and fresh means of 
tissue typing. 

The Kveim-Siltzbach skin test was first devel- 
oped 4 decades ago. By means of intracutaneous 
inoculations of a heat-killed suspension of a sar- 
coid lymph node, Kveim obtained, in 14 weeks, 
lesions histologically consistent with sarcoidosis 
in 12 of 13 patients with sarcoidosis.!° Siltzbach 
and Ehrlich reported on the value of the test 
performed on 571 occasions in 200 patients, and 
the first British report?” described it as a simple, 
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safe, and specific outpatient technique for provid- 
ing histologic proof of sarcoidosis and indexing 
the activity and progress of the disease. 

Since those early days there has been a genera- 
tion of experience of the course and prognosis of 
sarcoidosis. A retrospective comparison of a large, 
intensively investigated world-wide series indicates 
that the Kveim test remains reliable and helpful 
on three continents. It was positive in 1714 of 
2189 (78%) patients—a very large international 
experience with an insignificant level of false reac- 
tions. 


Biochemistry 


The chemical abnormality in sarcoidosis that has 
received the most attention has been the abnormal 
calcium metabolism, possibly because it is amena- 
ble to a treatment that prevents long-term compli- 
cations. With the introduction of new techniques, 
it became fashionable to measure serum immuno- 
globulins, alkaline phospatase, and, more recently, 
SACE, serum lysozyme, collagenase, and elastase. 

Hypercalcemia occurs transiently in about one- 
fifth and hypercalciuria in about two-fifths of pa- 
tients with sarcoidosis, but residual, irreversible 
nephrocalcinosis is a rare event. Serum phosphate 
levels were recorded in 343 patients: they were 
above normal levels in 22 (6%) and below normal 
in 25 (7%).16 No association was demonstrated 
between abnormal phosphate levels and deranged 
calcium metabolism. 

In a world-wide survey of sarcoidosis, serum 
globulins were abnormal in 808 of 1832 (44%) 
patients tested.* In our laboratory, serum globulin 
levels were raised above 35 g/lin 161 of 526 (31%) 
patients. Abnormal electrophoretic patterns car- 
ried no obvious diagnostic or prognostic signifi- 
cance, as no correlation was found with the clinical 
or radiographic patterns of the disease. 

SACE is elevated in about 60% of patients with 
active sarcoidosis.* A number of methods have 
been described to measure SACE. Two of the more 
commonly used assay procedures utilize the sub- 
strate analogue hippurylhistidylleucine. A spectro- 
photometric method described by Cushman and 
Cheung measures enzyme activity in terms of the 
rate of release of hippurate.t The method described 
by Friedland and Silverstein is based on the spec- 
trofluorometric detection of the o-phthaldialede- 
hyde adduct of the reaction product histidyl- 
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leucine.? In our experience the latter method is 
more suitable for routine use, being extremely sen- 
sitive, and not being affected by lipemic or hemo- 
lyzed serum samples. Our normal range of 34 + 
18 nmole/min/ml~ was based upon the mean + 
2 SD of values obtained in healthy adult patients. 

There are, however, two reasons it is not very 
useful in the diagnosis of sarcoidosis. It is only 
positive in about 60% of patients and, unfortu- 
nately, it is not absolutely specific, for there is a 
10% false-positive rate. Its great value lies in moni- 
toring the progress of the disease. Angiotensin- 
converting enzyme is a product of active metabo- 
lism by the epithelioid cell granuloma. When activ- 
ity of this granuloma is suppressed by corticoste- 
roids, SACE falls toward normal. A rising level 
heralds a relapse and is an indication for further 
corticosteroid therapy. It is helpful in monitoring 
the progress of the disease during pregnancy, when 
chest radiography is undesirable, and this bio- 
chemical marker of activity has allowed a reduc- 
tion of chest radiography. This is the first biochem- 
ical marker of activity of sarcoidosis, and it is a 
more sensitive index of its fluctuations than serial 
chest radiography. There is a broad correlation 
between the SACE level and several other test 
results (Table 8-8). 

Serum lysozyme is elevated in a number of con- 
ditions, including tuberculosis. It is often elevated 
in sarcoidosis, in which its measurement correlates 
with the clinical activity of the disease. Monocytes 
and tissue macrophages contain high lysozyme ac- 
tivity, and therefore measurement of serum lyso- 
zyme may reflect the volume of granulomatous 


TABLE 8-8 Tests that Correlate and Do Not Correlate 
with Serum Angiotensin-Converting Enzyme 


No Significant 
Correlation 


Positive Significant 
Correlation 


Serum immunoglobulins 
Sedimentation rate 
Tuberculin skin test 


Serum lysozyme 

Serum collagenase 

B-glucuronidase 

T cell lymphocyte 
activity 

Killer and natural killer 
cell activity 

Radioactive gallium 
uptake 

Kveim-Siltzbach skin test 

Sarcoid hypercalcemia 

Chest x-ray resolution 
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tissue present. It is a feature of acute active sarcoi- 
dosis, and serum levels are normal in chronic fi- 
brotic disease. Elevated lysozyme and angiolensin- 
converting enzyme activities have been demon- 
strated in sarcoidosis lymph nodes"; there is a 
positive correlation between the two enzymes. 


Course and Prognosis 


There are two different types of sarcoidosis. Acute 
(active) sarcoidosis has an abrupt onset, acute in- 
flammatory lesions, an exudative histologic pic- 
ture, raised SACE levels, hydroxyprolinuria, a pos- 
itive Kveim-Siltzbach test, a high incidence of 
spontaneous remission within 2 years, a good re- 
sponse to steroids and to other anti-inflammatory 
drugs, and a good prognosis. Chronic sarcoidosis 
has an insidious onset, (inactive) relapsing course, 
a fibrotic clinical and histologic picture, normal 
SACE levels, negative Kveim-Siltzbach test, and 
a poor prognosis despite treatment (Table 8-1). 

The most predictable course is that of erythema 
nodosum with bilateral hilar lymphadenopathy. 
The skin lesions subside within 1 month of onset 
and the hilar adenopathy regresses within 1 year; 
recurrences and sequelae are rare. 

Skin and pulmonary lesions are similar in 
course and in the response to treatment. Transient 
skin lesions are usually associated with hilar ade- 
nopathy, whereas chronic skin lesions are more 
likely to be accompanied by pulmonary fibrosis. 
Transient skin lesions tend to clear without treat- 
ment, whereas the chronic ones fail to do so despite 
prolonged therapy. All types of pulmonary sarcoi- 
dosis may be expected to resolve in 60% of pa- 
tients, but resolution is less likely in older patients 
and in those in whom there is accompanying extra- 
thoracic disease, particularly bone and skin lesions. 
The combination of pulmonary and cutaneous sar- 
coidosis constitutes the hallmark of chronicity, 
presumably because longstanding fibrosis has su- 
pervened. Clearing of the abnormal! chest radio- 
graph occurs in only one-third of patients with 
bone cysts, in one-fifth of those with skin lesions, 
and in only one-sixth of patients in whom bone 
and skin lesions accompany pulmonary sarcoido- 
Sis. 

Sarcoidosis would remain a relatively benign 
and unimportant disease but for the development 
of certain devastating complications: irreversible 
fibrosis in the lungs and eyes, and nephrocalcino- 
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sis. In assessing the prognosis, it is important to 
assess the degree of functional failure of the lungs, 
heart, eyes, and kidneys. In the practical manage- 
ment of sarcoidosis it is the physician’s duty to 
diagnose the condition sufficiently early so that 
effective therapy may prevent these unfortunate 
sequelae. 


Etiology 


There have been many claims that sarcoidosis is 
an infection, perhaps due to a Mycobacterium or 
virus, but none has been identified. There are strik- 
ing clinical, radiologic, and immunologic similari- 
ties between sarcoidosis and Hodgkin’s disease 
(Table 8-5), but these may be superficial and not 
causally related. It would be distressing for both 
the patient and relations to confuse the two condi- 
tions. 

Many factors contribute to the form and func- 
tion of the sarcoid granuloma, including prolonged 


Genetic 
Predisposition 
HLA A1-B8 


Age 
Hormones 


Circulating 
Immune 
Complex 


B Cell 
Over- 
Activity 


Increased 
Featureless 
N Cells 


Lysozyme 
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antigenemia, possibly defective macrophage de- 
fenses, and circulating immune complexes. Sex, 
hormones, race, age, and HLA type may be back- 
ground factors. Many different cell types also con- 
tribute (Figure 8-3). The interplay may lead to 
an acute or insidious attack of sarcoidosis, just 
as many factors contribute to migraine or asthma. 


Treatment 


There are four essential steps in the management 
of a patient suspected of having sarcoidosis: 


1. Seek histologic confirmation of the clinical diag- 
nosis as soon as possible. The patients who are 
troubled in later years by their disease are al- 
most always those in whom the clinical diagno- 
sis was not supported by histologic confirma- 
tion initially, and so treatment was delayed until 
it was too late to be effective. The complications 
are often more troublesome than the disease. 


Prolonged 
Antigenemia 


Macrophage 
Stimulation 


Epithelioid and 
Giant Cells 


Angiotensin- 
Converting 
Enzyme 


Sarcoid 
Granuloma 


Glucuronidase 


FiGurE 8-3 Factors contributing to the sarcoid granuloma formation. 
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TABLE 8-9 Differences Between Sarcoidosis (a Multisystem Disorder) and a Non- 


specific Local Sarcoid Tissue Reaction 


Multisystem Local Sarcoid 
Feature Sarcoidosis Tissue Reaction 
Number of systems involved Several Usually one 
Age (years) 20-50 Any 
Chest radiograph Abnormal in 87% Normal 
Slit lamp examination of eyes Abnormal in 15% Normal 
Tuberculin skin test Negative in 66% Variable 
Kveim-Siltzbach skin test Positive in 78% Always negative 
Serum angiotensin-converting Elevated in 60% Normal 
enzyme 
Calcium metabolism Abnormal in 20% Normal 
Response to corticosteroids Good Variable 
Other treatments Indomethacin, Depends on cause, 
oxyphenbutazone, anti-infective immu- 
chloroquine, nosuUppressives 


p-aminobenzoate, 
methotrexate 


2. Make sure that granulomas found in one system 
are part of the multisystem disorder and not 
just a nonspecific, local sarcoid tissue reaction. 
There are several points of differentiation (Ta- 
ble 8-9)—clinical, radiologic and immuno- 
logic—but the simplest and most secure way 
of distinguishing them is by the Kveim-Siltz- 
bach test. 

3. Judge whether the disease is acute or chronic 
(Table 8-1). 

4. Decide whether treatment is necessary, and if 
so, choose the most effective agents and avoid 
useless, toxic, and obsolete drugs. For instance, 
although widely recommended for many years, 
calciferol and antituberculous drugs are useless 
in the treatment of sarcoidosis. Even more im- 
portant, it should be remembered that they are 
dangerous because of their toxicity. There are 
several therapeutic regimens that should be 
considered or avoided, but the mainstay contin- 
ues to be the various forms of corticosteroids. 


Indications for Corticosteroid Therapy 


Corticosteroid therapy for sarcoidosis is indicated 
in the following conditions: ocular, neurologic, 
glandular, myocardial, and upper respiratory tract 
involvement; breathlessness; persistent hypercalci- 
uria; disfiguring skin lesions; bone cysts; and an 
abnormal chest radiograph. Treatment for each 
of these is described below. 


Topical corticosteroids should always be ad- 
ministered for iridocyclitis in the form of eye drops 
applied frequently during the day, reinforced with 
a corticosteroid eye ointment at night. If there is 
no substantial and continuing improvement over 
10 days, then the concentration of corticosteroid 
in the anterior segment of the eye may be increased 
by a local subconjunctival depot of cortisone. Oral 
corticosteroids are indicated if local treatment does 
not lead to a rapid response or if ophthalmoscopy 
reveals posterior uveitis. In addition, the inflamed 
iris should be rested by local atropine eye drops 
to maintain a dilated pupil. 

An abnormal chest radiograph that does not 
show any spontaneous improvement in the course 
of 3-6 months is an indication for corticosteroid 
therapy. Bilateral hilar lymphadenopathy is likely 
to subside without treatment, particularly if it is 
associated with erythema nodosum. On the con- 
trary, pulmonary infiltration that remains static 
or worsens during the course of 6 months is an 
indication for oral steroids in an attempt to prevent 
the development of irreversible pulmonary fibrosis. 
Several factors influence the likelihood of resolu- 
tion of the chest radiograph. The younger the pa- 
tient the more likely it is to clear. The presence 
of chronic skin lesions and/or bone cysts would 
confer an unfavorable prognosis, for these are the 
halimarks of chronicity. Their presence would sug- 
gest that the pulmonary lesions are unlikely to 
subside. Substantial improvement in the chest ra- 
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diograph is also related to the length of time before 
the treatment is given. Results are considerably 
better in those treated within 2 years of onset of 
the disease. 

If breathlessness is present, then the patient has 
already reached a stage of irreversible pulmonary 
fibrosis or disturbed gas transfer. Oral steroids pro- 
vide symptomatic relief but do not influence the 
natural history of the disease or its grave prognosis 
at the irreversible stage of breathlessness. At this 
stage, of course, the aim of treatment is to improve 
pulmonary function rather than chest x-ray ap- 
pearances. 

In the presence of persistent hypercalciuria, 
steroids can be used to prevent excessive gastroin- 
testinal absorption and excessive urinary excretion 
of calcium. Instead, calcium is diverted to a harm- 
less fecal excretion within days of the exhibition 
of oral steroids. 

When lupus pernio or other unsightly skin le- 
sions distress patients, oral and local corticoste- 
roids may correct the deformity. Unfortunately, 
small doses of steroids must be continued indefi- 
nitely if the cosmetic improvement is to be main- 
tained. In order to minimize the side effects of 
oral corticosteroids, local intralesional triamcino- 
lone acetonide, chloroquine, or both are helpful 
alternatives. 

In the case of neurologic involvement, the more 
acute the disease, the more likely it is to respond 
to systemic corticosteroids, which should be ad- 
ministered as soon as the diagnosis has been estab- 
lished. Resolution of neurosarcoidosis is more 
likely to occur in younger patients whose sarcoido- 
sis has an explosive, sudden onset. The response 
to treatment is better in those with accompanying 
erythema nodosum rather than chronic skin le- 
sions, those with acute rather than chronic uveitis, 
and those with hilar adenopathy rather than old, 
diffuse, pulmonary infiltration. 

Corticosteroids are useful in the treatment of 
glandular involvement, particularly if there is dis- 
ordered function, e.g., dry eyes due to lacrimal 
gland involvement, dry mouth due to salivary 
gland enlargement, and hypersplenism due to sar- 
coidosis of the spleen. The indication for treatment 
is disordered function rather than anatomic en- 
largement of the gland in question. 

It is easy to include involvement of the heart 
in a theoretical list of indications for corticosteroid 
therapy, but much more difficult in practice to 
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recognize myocardial sarcoidosis. It should be sus- 
pected if a patient with florid, multisystem sarcoi- 
dosis develops heart block, bundle-branch block, 
arrhythmias, congestive cardiac failure, pericardi- 
tis, or clinical evidence of cardiomyopathy. Sudden 
death without previous evidence of a heart lesion 
may occur. Sarcoid granulomas of the myocar- 
dium seem to occur most frequently in females 
over 40 years of age. Macroscopic changes are 
most evident in the posterior part of the ventricular 
septum. Microscopy discloses granulomas, fibrous 
tissue, or a mixture of both. Treatment demands 
steroids for resolution of the granulomas, chloro- 
quine as an antifibrotic agent, beta-blocker antiar- 
rhythmic drugs, and quinidine. 

Bone cysts cause pain, swelling, and deformity 
of hands and feet. They are chronic, persistent 
manifestations of sarcoidosis occurring with pul- 
monary fibrosis, lupus pernio, and chronic uveitis. 
Steroids provide relief of symptoms but bone cysts 
persist despite treatment, and symptoms unfortu- 
nately recur when steroids are discontinued. 

Sarcoidosis of the upper respiratory tract in- 
volves the nose, nasopharyngeal mucosa, and lar- 
ynx, causing difficulty or even obstruction with 
breathing. This obstruction is relieved by steroids. 
Submucous resection of the nose should not be 
allowed since the results may be disastrous, with 
complicating nasal septal perforation and pro- 
gressive destruction of bone and cartilaginous sep- 
tum. 


Alternative Drugs 

Treatment may be necessary when there are con- 
traindications to corticosteroid therapy, or it has 
proved fruitless. Under these circumstances, it is 
worth considering treatment with oxyphenbuta- 
zone (Tandearil), chloroquine, or potassium p-ami- 
nobezoate (Potaba). 

In a blind controlled trial comparing oxyphen- 
butazone, prednisolone, and a placebo in the man- 
agement of pulmonary sarcoidosis, both active 
drugs were significantly better than the placebo.® 
Prednisolone and oxyphenbutazone were equally 
effective. Whereas one in six patients showed spon- 
taneous regression of pulmonary sarcoidosis in 6 
months, oxyphenbutazone or prednisolone in- 
creased the number to one in two patients. The 
phenylbutazone drugs are anti-inflammatory, so 
they are indicated for acute exudative sarcoidosis. 
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They are not helpful in the chronic fibrotic form 
of the disease. 

The way in which the chloroquines act is un- 
known, but they control some instances of chronic 
fibrotic sarcoidosis involving lungs and skin. Such 
treatment is particularly helpful in the manage- 
ment of lupus pernio and pulmonary fibrosis, in 
a dose of 200 mg on alternate days for 9 months. 
It may lead to irreversible retinopathy with blind- 
ness, or to reversible keratitis, particularly if used 
in large doses for over 1 year; its ocular toxicity 
should always be kept in mind. The 9-month 
courses should be followed by 6-month drug-free 
intervals to permit maximum excretion. 

Potassium p-aminobenzoate (Potaba) is known 
to have an antifibrotic effect in Peyronie’s disease, 
scleroderma, and rheumatoid arthritis. It is worth 
considering in pulmonary fibrosis and lupus pernio 
due to sarcoidosis. The 3-g envules should be taken 
by mouth four times daily for several months. This 
form of treatment is an alternative to corticoste- 
roids and chloroquine, and giving all three in rota- 
tion helps to overcome the undesirable long-term 
complications of any one drug. 

Azathioprine (Imuran) was administered to ten 
of our patients and led to clinical improvement 
in four, chest clearing in two, and improved respi- 
ratory function in one. These ten patients had al- 
ready failed to respond to corticosteroids, oxy- 
phenbutazone, and chloroquine, and thus they can 
be regarded as having hard-core, chronic fibrotic 
sarcoidosis that resisted all other therapy. Israel 
had the same indecisive response to the use of 
chlorambucil and methotrexate.* To date, there 
have been no trials of the effect of another immu- 
nosuppressive, antilymphocytic globulin in sarcoi- 
dosis. 

Allopurinol is an effective uricosuric agent that 
has recently been advocated in the management 
of sarcoidosis. It is certainly helpful when there 
is renal failure, hyperuricemia, and bone and joint 
pains due to secondary gout. Under these circum- 
stances it should be considered, in combination 
with indomethacin, for relief of acute symptoms, 
and continued alone to neutralize uric acid reten- 
tion. 

Methotrexate is given in a dose of 5 mg once 
weekly for 3 months. It is most effective in treating 
chronic skin lesions due to sarcoidosis. It is given 
once weekly to avoid hepatotoxicity. 
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CHAPTER 9 


Biochemical and Immunologic Disorders 
in Diseases of the Lymphoid Tissue 


Edward H. Cooper 


The emphasis of research into biochemical and 
immunologic disorders in lymphoproliferative dis- 
ease has undergone considerable change during 
the past 20 years. The first phase was to look for 
biochemical indicators of disease activity, and in- 
volvement of the liver, especially in Hodgkin’s dis- 
ease (HD), and to a lesser extent in non-Hodgkin’s 
lymphomas (NHL). As radiologic techniques for 
the assessment of HD have steadily improved and 
the advantages of close clinical monitoring become 
self-evident, the first aim has had less practical 
importance. On the other hand, in multiple my- 
eloma the increasing sophistication of immuno- 
chemistry has greatly increased our knowledge of 
the biology of the disease so that serum and urine 
protein analyses provide an essential aid to its as- 
sessment. 

The second phase, which is still being devel- 
oped, is to relate laboratory-based information to 
the immune status of the patient, in particular 
the behavior of the T lymphocyte and macrophage 
systems, which are essential for cell-mediated im- 
munity. Except for the simplest of such investiga- 
tions, this type of assessment is not widely used 
in clinical practice. Finally, our knowledge is in- 
creasing in regard to a number of minor serum 
protein constituents, such as ferritin®®-®° B.-micro- 
globulin (82-M),°? and IgE,4* which can be at an 
abnormal concentration in lymphoid neoplasia. 
The functional significance of some of them re- 
mains an enigma, whereas others (for example 
B2-M) have an important role as prognositic in- 
dicators, but only in the context of multiple 
myelomatosis!#0° and chronic lymphocytic 
leukemia.!2*!25 The main plasma proteins to alter 
in lymphoid disease are listed in Table 9-1. 


In parallel with the developments in immuno- 
chemistry and cellular immunology, there has been 
an explosion of interest in the classification of dis- 
eases of the lymphoid system according to the dis- 
tribution of the subsets of the cell types in the 
tumors and peripheral blood. The identification 
of specific protein receptors on the cell surfaces, 
and the production of appropriate antisera to these 
key proteins, have brought about a new under- 
standing of the wide spectrum of lymphoprolifera- 
tive disease and a new dimension in the classifica- 
tion of normal and abnormal members of the 
lymphoid cell series (Table 9—2). This topic is out- 
side the scope of the present chapter; it is discussed 
in detail in recent reviews.?!-58.88.121,136 

As with all forms of malignancy, the severity 
of the biochemical disturbances increases with the 
tumor burden, and later becomes more complex 
due to the advent of severe infection, mechanical 
obstruction of the viscera, and, finally, organ fail- 
ure. In contrast with many common metastatic 
cancers, in which the progress is often relentless 
when they are metastatic, the evolution of dissemi- 
nated malignant tumors of the lymphoid tissue 
can be slow and often interspersed with long peri- 
ods of semistability. These “stable” periods are 
also reflected in the results of longitudinal mea- 
surements of many biochemical variables in the 
blood. 


Acute Phase Reactant Proteins 


The acute phase reactant proteins (APRPs) are 
mainly glycoproteins that alter their plasma con- 
centration in response to stimuli produced by 
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TABLE 9-1 Main Plasma Proteins That Can Alter in Lymphoid Disease 
Molecular Normal 
Weight Concentration Range 
Protein (daltons) (g/)) 
Markers of nutritional status 
Albumin 66,000 35-55 
Transferrin 77,000 2-4 
Retinol-binding protein 21,000 0.3-0.6 
Prealbumin 50,000— 0.15~0.40 
60,000 
Acute phase reactants 
C-Reactive protein 160,000 0.5-5.0 x 108 
a,-Acid glycoprotein 44,000 0.5-1.4 
Ceruloplasmin 124,000- 0.15~0.60 
134,000 
a,-Antitrypsin 54,000 2-4 
a,-Antichymotrypsin 69,000 0.3-0.6 
Main component of 
complement 
C3 180,000 0.5-1.2 
Fibrinogen 340,000 2.0-4.5 
Immunoglobulins 
IgA 150,000 2.0-4.0 
IgG 150,000 8-17 
IgM 900,000 0.6-2.5 
Light chains 22,000 — 
(45,000) 
IgE 190,000 1-100 x 10° 
Others 
B2-Microglobulin 11,800 1-3 x 108 
Ferritin 440,000- 1-580 x 108 
600,000 


many forms of tissue injury, acute and chronic 
inflammation, and cancer. Clearly, as they respond 
to such a wide variety of stimuli, the response is 
nonspecific, and within a chronic illness the reac- 
tion can be induced by more than one 
cause.36-48.75,101 

The APRPs are, in the main, synthesized in 
the liver parenchymal cells, although it has been 
suggested that acid a,-glycoprotein (AGP) can 
also originate from extrahepatic sources.5* The 
main functions of the APRPs and their half-lives 
are given in Table 9-3. It can be seen that some 
belong to transport systems and some are serine 
antiproteases, whereas for others, e.g., C-reactive 
protein (CRP) and AGP, the functions in vivo 
remain uncertain. There is often a high correlation 
between the rise and fall of the levels of various 
APRPs in disease, but they can become dissoci- 
ated, especially when there is underlying chronic 


liver disease or drugs such as estrogens are 
administered.34 

The temporal patterns of the APRPs differ: for 
example, the serum levels of CRP and a,-antichy- 
motrypsin rise rapidly after infection or wounding, 
whereas AGP, haptoglobulin, a,-antitrypsin and 
ceruloplasmin levels rise more slowly and take 
longer to return to normal. The disturbances in 
response to the “inflammatory” stimuli in cancer 
are more complex and need not involve the whole 
cascade of APRPs.3¢ The main factors influencing 
the serum concentration of an APRP are shown 
in Figure 9-1. 

CRP is the best known of the APRPs. It was 
discovered 50 years ago as a serum constituent 
that reacts with polysaccharides of the cell wall 
of the pneumococcus. CRP is emerging as one 
of the key proteins in the immediate defense 
against the noxious effects of tissue injury, what- 
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TABLE 9-2 Markers of Human Lymphoid Cell Sub- 
populations 


Lineage Markers 


B cell 
Stem cell 
Pre-B cells 


? Alloantigen 

Intracytoplasmic IgM 

? MREC receptors 

“Ta-like” antigen (subpopula- 
tion) 

Surface immunoglobulin 

MREC receptors 

Epstein-Barr virus receptor 

IgG Fe receptors 

IgM Fc receptors 

IgA Fe receptors 

IgE Fe receptors 

Complement component recep- 
tors 

B cell alloantigens (“TIa-like’’) 


B cells 


T cell 
Stem cell 
Pre-T cells 


? Alloantigen 

Terminal 
transferase 

HTLA 

Peanut agglutinin 

HTLA 

Sheep erythrocyte receptors 

Acid a-naphthyl acetate ester- 
ase 

IgG Fe receptors (Ty) 

IgM Fc receptors (Tp) 

IgA Fe receptors (Ta) 

IgE Fe receptors (Te) 

TH2 antigen 

Histamine receptors 

Other alloantigens 


deoxynucleotidyl 


T cells 


Third population, 
“unclassified” 
lymphoid cells 


IgG Fe receptors (high affinity) 

Complement component recep- 
tors (subpopulation) 

Epstein-Barr virus receptors 
(subpopulation) 

“Ta-like” antigen (subpopula- 
tion) 


From Gupta and Good,®* with permission. 


ever the cause. Despite its nonspecific nature, 
there is a revival of interest in this serum protein 
as a useful clinical indicator of disease activity. 
The protein is synthesized in the liver®* and is 
released into the blood as the result of injury; the 
normal levels are very low, but can increase several 
hundred-fold within 24-48 hours after wounding 
or during an acute infection. 

It is now well established that in many forms 
of tissue damage (such as myocardial infarction’’), 
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FIGURE 9-1 Main influences that contribute to the 
serum concentration of an individual APRP. 


in uncomplicated wounding, or in successful anti- 
biotic treatment of an infection, there is a rapid, 
exponential fall in the level of CRP; this function 
can be helpful when monitoring septicemic compli- 
cations in hematologic malignancies.9}113 A wide 
variety of rheumatoid disorders and cancer may 
produce a sustained elevation of CRP, which can- 
not be explained by coincidental infection.?&781%6 
The CRP response is not affected by anti-inflam- 
matory drugs or steroids unless they directly affect 
the underlying disease. 

It is evident that as the site of synthesis of CRP 
and the other APRPs is usually distant from the 
site of the inflammatory process, the two sites must 
be linked by an APRP-inducing mediator. Current 
knowledge indicates that the build-up of serum 
CRP levels is associated with a progressive recruit- 
ment of liver parenchymal cells synthesizing the 
protein, proportional to the severity of the injury. 
There is still uncertainty as to the mediators of 
the response; several products of the inflammation 
have been suggested as possible agents, including 
endogeneous pyrogen and prostaglandin E. 

CRP has several properties associated with its 
ability to bind to phospholipids, sphingomyelin, 
and phosphatidylcholine,7! which are constituents 
of bacterial and mammalian cell walls and their 
products. In the presence of calcium ions CRP 
also binds to polycations.“1 In vivo the binding 
of CRP to a solid phase results in the activation 
of complement via the classical pathway. The acti- 
vation of complement then plays a key role in 
cell lysis and the enhanced phagocytosis, neutro- 
phil chemotaxis, and vascular permeability that 
are the essential features of an inflammatory re- 
sponse. 
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TABLE 9-3 Main Acute Phase Reactant Proteins 


Half-life 
Protein (days) Main Actions 

C-Reactive protein 0.5 Activation of complement; 
modification of platelet 
and lymphocyte 

Acid a,-glycoprotein 5.2 Modification of lympho- 
cyte function? 

a,-Antitrypsin 2.5-5.0 Serine antiprotease 

a,-Antichymotryp- — Serine antiprotease 

sin 

Haptoglobin 2.0-4.0 Formation of complexes 
with hemoglobin 

Ceruloplasmin 5.0-7.0 Binding Cu**, scavenging 
free radicals 

Fibrinogen 2.04.0 Formation of fibrin 


Acute Phase Proteins in 
Lymphoproliferative Disease 


Ceruloplasmin and Serum Copper 


Each molecule of ceruloplasmin contains 6 copper 
atoms and about 50 carbohydrate residues. The 
protein has significant oxidase activity as a metal- 
loglycoenzyme; it assists in the mobilization of iron 
from iron-storage cells in the liver to the plasma 
and serves as a copper donor to cytochrome 
oxidase.5! Ceruloplasmin and serum copper levels 
may be raised in HD, but there has been much 
controversy about their interpretation in the past; 
some investigators thought they might have a place 
in monitoring the disease.5°-®5-97 On the other hand, 
in children with HD, neither the erythrocyte sedi- 
mentation rate (ESR) nor serum copper levels were 
considered to be a useful guide to disease 
activity.137 

Larger retrospective analyses have shown good 
statistical relationships between serum copper lev- 
els and activity in HD.19° Furthermore, the experi- 
ence of Kaplan’s group in Stanford1** suggested 
that serum ceruloplasmin levels are the most 
promising of various potential markers for moni- 
toring HD. In their series of 100 consecutive un- 
treated HD patients, 78% had a raised serum cop- 
per oxidase (ceruloplasmin). Serial measurements 
over 2 years suggested that this test could be useful 
in identifying a later recurrence. In all accounts 
of trace metal determination, the risks of specimen 


contamination need to be borne in mind, although 
this is far less of a problem when ceruloplasmin 
is measured immunochemically. These reports of 
ceruloplasmin measurement are similar to the ex- 
perience of repeated measurements of the ESR 
as a monitor of recurrence of HD reported by 
Le Bourgeois and Tubiana®? in Paris, especially 
when a reasonably high ESR (>30 mm in the first 
hour) was used as the discriminant value. In a 
Norwegian study the combination of elevated se- 
rum copper and ESR was found in 5% of 78 pa- 
tients with HD in complete remission and in 61% 
during an active phase of the disease.1° 

There are fewer reports of copper and cerulo- 
plasmin levels in NHL. Foster et al., using electron 
spin resonance to assay copper, found only small 
differences in the serum levels between active and 
inactive disease with a considerable scatter.4° How- 
ever, the same method, when applied to the study 
of chronic lymphocytic leukemia, indicated the 
ceruloplasmin levels were related to the tumor 
mass.®6 

There is a reciprocal relationship between 
plasma copper and zinc levels, and low levels of 
zinc have been observed in HD;?° moreover, the 
zinc to copper ratio has been found to be well 
correlated with disease activity in lymphoma.* 


C-Reactive Protein 


The clinical usefulness of CRP measurements in 
oncology has been reinforced by many investiga- 
tors. In HD, CRP levels tended to discriminate 
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symptomatic from asymptomatic forms.1°7 In Af- 
rican cases of Burkitt’s lymphoma, CRP levels 
were usually raised in active disease, whereas CRP 
could not be detected or was very low in children 
in remission.°? We have had a similar experience 
in children with Burkitt’s lymphoma in Kenya 
(E. H. Cooper and Gunvén P., unpublished data). 
This result is of interest as the various intercurrent 
parasitic diseases, mainly chronic malaria and var- 
ious nematodes, did not affect the levels of CRP 
and the assay is simple and cheap. 

There can be discordant results when the ESR 
and CRP levels are compared; in our series®° the 
correlation between these variables was r = 0.48; 
the dissociation of CRP and ESR can also occur 
in other types of chronic inflammatory disease, 
such as rheumatic disease.? In lymphomas the 
CRP level tends to be well correlated with other 
APRPs and the ESR well correlated with the level 
of plasma fibrinogen. 

In contemporary investigations of lymphoma 
in Western hospitals, the measurement of an 
APRP phase protein is probably not an important, 
but it can be very helpful in third world countries. 
On the other hand, in multiple myeloma, where 
the risk of infection is very high and onset can 
be insidious, and the ESR has little meaning, a 
measurement of CRP can be valuable; it can give 
warning of a possible episode of infection, which 
at its onset may be overlooked in the elderly. 

The incidence of undoubtedly elevated CRP 
levels at the time of first presentation and during 
complete remission in HD and NHL is shown 
in Table 9-4. Steroids and chemotherapy do not 
have a direct action on the level of CRP; a fall 
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following treatment indicates the inflammatory 
processes, whatever their cause, are no longer pro- 
ducing signals that result in an increased rate of 
CRP synthesis. Examples of the changes in APRPs 
in lymphomas are shown in Figures 9-2 and 9-3. 


Serum Amyloid A Protein 


Serum amyloid A protein (SAA) is an APRP that 
was recently discovered. It was found that second- 
ary amyloid deposits are composed mainly of a 
low molecular weight protein, which has been 
named amyloid A (AA).83 The AA protein consists 
of a single chain of 76 amino acids with a molecu- 
lar weight of about 8400 daltons. The SAA protein 
has complete immunologic identity with the AA 
protein found in the amyloid deposits. Initial inves- 
tigation has shown that the SAA protein behaves 
as an APRP with marked increases of its level 
(200 to 400-fold) in a variety of inflammatory con- 
ditions and pregnancy.145 SAA levels are increased 
in secondary amyloidosis as well as in primary 
and myeloma-associated amyloid disease,'® and 
high levels of SAA have been reported in multiple 
myeloma.!! SAA is closely bound to the high- 
density lipoprotein (HDL) fraction of the serum, 
mainly HDL2 and HDL3; it can be measured by 
either radioimmunoassay or by modified radial im- 
munodiffusion using a modified Mancini tech- 
nique. 

Current evidence suggests that SAA is synthe- 
sized by fibroblasts, plasma cells, neutrophils, and 
the liver.?7 The only biologic function that has 
been described for SAA is the inhibition of the 
in vitro antibody response to T-dependent 


TABLE 9-4 Incidence of Raised C-Reactive Protein Levels (>20 


mg/l)? in Lymphoma 


Hodgkin’s Non-Hodgkin’s 
Disease Lymphoma 
Status and 
Stage No./Total % No./Total % 

Active disease 

I-II 14/49 28.5 5/22 22.7 

III-IV 16/30 53.0 19/48 39.6 
Complete remission 

II 5/104 4.8 3/41 73 

III-IV 3/66 4.8 1/58 1.7 


* The level of 20 mg/I is chosen as an unequivocal rise in C-reactive protein; 
the normal upper limit is less than 10 mg/1; the distribution of levels in 
normal subjects is skewed with more than 50% have a level less than 1 


mg/1. 
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FiGuURE 9-2 Changes in APRPs in a 31-year-old man with Hodgkin’s disease, diagnosed July 1974; relapse 
with nodal and systemic symptoms, July 1975. Chemotherapy after relapse resulted in partial remission only. 
Patient developed leukoencephalopathy and died. AGP, acid a,-glycoprotein; ACT, antichymotrypsin; CRP, 
C-reactive protein; AT, antitrypsin. (From Child et al.,2° with permission.) 
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FiGurE 9-3 Changes in APRPs in a 33-year-old man with Hodgkin’s disease, diagnosed April 1975; 
nodal relapse, September 1976, and, subsequently, probable marrow relapse. Increasing lability in the profile 
reinforces clinical suspicion that the disease is no longer controlled by therapy. ACT, antichymotrypsin; 
CRP, C-reactive protein; AT, antitrypsin. (From Child et al.,2® with permission.) 
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antigens.1718 The clinical applications of the mea- 
surement of SAA are at present limited. It is not 
suitable for the diagnosis of secondary amyloidosis, 
as the protein has the properties of an APRP and 
will rise in response to many forms of inflamma- 
tory stimuli. Raised levels of SAA have been dem- 
onstrated in many types of neoplastic diseases, es- 
pecially when they are metastatic.116 There have 
been a few studies of SAA in lymphoid malignan- 
cies; the distribution in Rosenthal and Sullivan’s!"6 
investigations is shown in Table 9-5. 

From these preliminary data, it appears that 
SAA can provide a very sensitive general guide 
to the inflammatory processes associated with neo- 
plasia; however, more detailed studies are needed 
to be certain whether its high amplitude of re- 
sponse can provide advantages over the simple 
measurement of CRP. 


Serum Immunoglobulins 


The identification of monoclonal immunoglobulin 
“spikes” in serum and urine is an essential step 
in the analysis and diagnosis of certain diseases 
of the lymphoid system. The disorders in which 
such spikes are found are listed in Table 9-6. The 
measurement of the concentrations of serum poly- 
clonal immunoglobulins is useful in the assessment 
of humorally mediated immunity. Unfortunately, 
in many of the earlier studies of immunoglobulin 
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TABLE 9-6 Diseases in Which Monoclonal Immuno- 
globulin “Spikes” Are Found in Either Serum or Urine 


1. Multiple myeloma with subforms of 

a. Plasma cell leukemia (1%) 

b. Solitary myeloma of skeleton (1%) 

c. Extramedullary soft tissue myeloma (1%) 
Approximate frequency by type of monoclonal pro- 
tein: IgG 65%; IgA 20%; light chain only 13%; 
IgD 1%; no paraprotein, IgM, or IgE less than 1% 

2. Macroglobulinemia (Waldenstrém’s disease), IgM 
monoclonal protein (approximately 10% of all mono- 
clonal proteins) 

3. Heavy chain disease of gamma, alpha, or mu type; 
approximate frequency, 0.2% 0.1% of monoclonal 
proteins 

4. Benign monoclonal gammopathy, increasing in fre- 
quency with age from 1% to 5% in normal popula- 
tion 

5. Papular mucinosis and other rare, nonneoplastic dis- 
eases presumably associated with monoclonal anti- 
body formation 


From Spiegelberg,!26 with permission. 


levels in lymphoma, patients had received che- 
motherapy and radiotherapy prior to the measure- 
ments, and the interpretation is equivocal. Earlier 
work had focused attention on the marked rise 
of IgE levels+ and IgD levels®® in HD, and it ap- 
peared the levels of IgG, IgA, and IgM were more 
likely to be altered by the treatment than the dis- 
ease. 

A major study of 105 patients with untreated 


TABLE 9-5 Serum Amyloid A (SAA) Levels in Patients with Leukemia 


or Lymphomas 


SAA 
No. of (ng/dl) 
Patients 
Diagnosis Tested Mean SD P 
Acute myelogenous leukemia 8 3284 2109 0.001 
Chronic myelogenous leukemia 9 3666 780 0.001 
Acute lymphoblastic leukemia 5 205 19 0.9 
Chronic lymphocytic leukemia 12 160 29 1.0 
Hodgkin’s disease 
Stages I-II 6 150 103 0.9 
Stages III-IV 7 1264 876 0.001 
Non-Hodgkin’s lymphoma 
Stages L-II 3 197 104 0.9 
Stages III-IV 12 2175 1451 0.001 


From Rosenthal and Sullivan,!* with permission. 
* Mean value of each group of patients versus mean value (95 + 57) of a normal 
control population of 67 subjects 31-70 years of age. The difference is statistically 


significant when p <0.01. 
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HD and 80 with NHL by Amlot and Green 
showed the variations of immunoglobulin levels.+ 
In HD there was a significant increase of IgG 
and IgE, and in advanced cases the levels of IZM 
and IgD were subnormal, probably as a result of 
lymphocyte depletion. In this study there was a 
reduced level of IgM (in females), IgG, and IgA 
in NHL; unlike HD, there was no tendency for 
a high IgE level to be present in the absence of 
a history of atopy (Figure 9-4). 

Rosset et al.,!!7 in their study of 132 patients 
(38 HD, 57 NHL, and 37 chronic lymphocytic 
leukemia), found that IgG was slightly raised in 
the early stages of HD and IgM was low in stages 
II-IV. There was no significant trend in NHL. 
Chronic lymphocytic leukemia showed the highest 
incidence of low immunoglobulins. In a smaller 
group of 27 untreated patients with HD, Douer 
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et al. were unable to demonstrate any significant 
difference between the levels of IgG and IgM in 
HD and controls, whereas the IgA level was raised 
in HD.* Both these studies demonstrate that levels 
of immunoglobulins have a wide variation in 
health, and in disease the range of levels is ex- 
tended both above and below the normal range; 
in some patients the levels are low, whereas others 
at the same stage have a very high level. This 
variation of the immunoglobulin levels between 
patients at each stage of lymphoma is reflected 
in other studies.5+154 

In assessing the immunoglobulin levels in lym- 
phoma patients in tropical countries, where partic- 
ular lymphomas such as Burkitt’s lymphoma or 
lymphomas of intestinal origin are more prevalent, 
it is important to remember that polyclonal IgG 
and IgE are common and levels are usually raised 
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FiGURE 9-4 Distribution of IgG, A, M, and E in lymphomas compared with controls. 
The histogram demonstrates the percentage of patients falling within increments of 1 SD 
from the geometric mean (gX) based on the log-normal distribution of the control population. 
(From Amilot and Green,‘ with permission.) 


9. Biochemical and Immunologic Disorders in Diseases of the Lymphoid Tissue 


as the result of parasitic infection and frequent 
enteritis.>7 In Bombay, Advani et al. found raised 
IgG in about 50% of 62 patients with NHL and 
a high IgA in about 15%.! 

Splenectomy in normal subjects following 
trauma is accompanied by reduced serum IgM 
levels and an increased risk of bacterial infec- 
tion.3?-43.86 Patients with HD who are splenecto- 
mized also have a fall in IgM levels.42-6°-128 How- 
ever, the increased risk of postoperative infection 
following splenectomy in HD appears to be related 
to the underlying neoplastic disease rather than 
the fall of IgM alone.”8 


Hyperimmunoglobulinemia E 


Reagins are the special antibodies that are mem- 
bers of the E class of immunoglobulins. These IgE 
molecules can become attached to receptors on 
mast cells and basophilic granulocytes and play 
a key role in atopic patients. A nonspecific produc- 
tion of hyperimmunoglobulinemia E is a well-re- 
corded feature in several forms of cancer,!!* in- 
cluding the lymphomas. 

The detailed studies of Amlot and Slaney of 
139 untreated cases of HD has helped to put the 
topic into perspective:' 29 of the patients had evi- 
dence of atopy, with raised IgE levels and allergen 
specificities similar to an atopic but otherwise nor- 
mal population. Among the nonatopic patients, 
76 had normal IgE levels and 44 had raised levels. 
The incidence of atopy in HD is similar to that 
in the population in general; the study was unable 
to find either a cause or effect of the tumor-associ- 
ated high levels of IgE. 

Another large study was reported by Romag- 
nani et al.112 They evaluated serum IgE levels in 
119 untreated and 112 treated patients with HD, 
38 of the nonatopic untreated patients showed a 
significant increase in IgE (>300 IU/1). There was 
no relationship between the IgE levels and the 
imbalance of the T lymphocytes with receptors 
for IgM (Tm) and those with receptors for IgG 
(Tg). The overall evidence is that the production 
of IgE is not a consequence of suppressor T cell 
deficiency. There are several lines of evidence in 
animals that indicate IgE production is regulated 
by T lymphocytes.!° The raised IgE in HD con- 
tains both kappa and lambda light chains, indicat- 
ing it is polyvalent and not from a unique clone 
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of plasma cells.”? In summary, a high IgE level 
can occur as a paraneoplastic phenomenon in HD 
but has no apparent role in the pathogenesis of 
symptoms. 


Waldenstrém’s Macroglobulinemia 


Macroglobulinemia as a distinct entity was first 
described by Waldenstrém in 1944.155 The serum 
electrophoretogram shows a spike of gamma or 
beta mobility corresponding to a homogeneous 
monoclonal IgM M component. The main effect 
of the large amount of IgM is to increase the 
plasma viscosity, produce multiple hemorrhages 
and to increase the risk of infection.4* Sometimes 
there is hyperglobulinemia due to complexes of 
monoclonal IgM and IgG which can cause vascu- 
lar damage.®° The disease has features that are 
reminiscent of lymphoid tumors, including en- 
largement of the lymph nodes, and the marrow 
and bones are infiltrated with lymphocytoid cells. 

Initially, it was thought that Waldenstrém’s dis- 
ease was a very clear-cut entity, but suspicions 
that there may be IgM-producing myeloma were 
aroused by the finding of patients with bone lesions 
with or without renal disease and a monoclonal 
IgM; these two features are typical of multiple 
myeloma but not of Waldenstrém’s disease. IgM 
myeloma is a rare disease, perhaps constituting 
a few percent of all multiple myeloma cases. Since 
the advent of immunologic and physicochemical 
methods for identifying abnormal M proteins, 
there have been at least 30 cases of monoclonal 
IgM plasma cell neoplasia.14? 


Light Chains 


Bence Jones proteins are monoclonal! light chains. 
The light chains of immunoglobulins are poly- 
clonal and belong to two main classes: 64% are 
kappa chains and 36% are lambda light chains.® 
Bence Jones proteinuria occurs frequently in mul- 
tiple myeloma and in other B cell diseases. The 
experience of Hobbs shows the typical frequency 
of this disorder.** Bence Jones proteins were pres- 
ent in 69% of 699 cases of multiple myeloma, 
60% of 34 with soft tissue plasmacytoma, 15% 
of 150 cases of chronic lymphocytic leukemia, and 
78% of 46 cases of Waldenstrém’s disease; the 
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incidence in other forms of lymphoma was spo- 
radic. However, with rare exceptions, it is only 
in multiple myeloma that abundant light chains 
appear in the urine. 

Light chains are freely filtered across the glo- 
merular membrane and are actively absorbed and 
catabolized by the renal tubular cells.89 The kidney 
involvement in multiple myeloma is an important 
complication, as death can occur as the result of 
renal failure. The cause of the renal failure is com- 
plex: one factor is the nephrotoxic effect of Bence 
Jones proteinuria; another is the deposition of pro- 
tein in the renal tubules. Hypercalcemia and de- 
hydration are frequent precipitating causes of 
uremia in the patient?®? who already has a 
compromised kidney with tubular nephropathy 
and interstitial nephritis.'* The renal glomerular 
damage associated with light chains in multiple 
myeloma and, more rarely, in other NHL and 
chronic lymphocytic leukemia can be assessed by 
the measurement of serum creatinine, urea, or the 
glomerular filtration rate. 

Renal tubular damage can be demonstrated by 
increased amounts of low molecular weight pro- 
teins in the urine (<70,000 daltons), as the proxi- 
mal renal tubule is the normal site of catabolism 
of these proteins; the small proteins such as B2-M, 
retinol-binding protein, and insulin are almost to- 
tally removed from the glomerular filtrate as it 
passes through the proximal tubules. The tubular 


Retinol binding protein mg/l 


Urinary free light chain g/t 


FiGurE 9-5 Relationship of urinary light chain excre- 
tion and retinol-binding protein levels in multiple mye- 
loma (C.M. MacLennan and E.H. Cooper, unpublished 
data). Notice that several of the patients who excrete 
light chains do not have any increased excretion of reti- 
nol-binding protein; this suggests that these light chains 
do not interfere with the tubular reabsorption of this 
low-molecular-weight protein. 


E. H. Cooper 


proteinuria can be shown by either polyacrylamide 
gel electrophoresis'®! of concentrated urine or 
measurement of the concentration of an appropri- 
ate low molecular weight indicator protein.1t The 
relationship between the amount of light chains 
in the urine in multiple myeloma and the excretion 
of retinol-binding protein (molecular weight 
21,200 daltons) is shown in Figure 9-5. 

Whereas these proximal tubular defects of pro- 
tein reabsorption are related to the light chain load, 
it has been reported that some patients can develop 
renal failure without producing excess light 
chains,®?:149 and some patients have massive fil- 
tered loads of light chains that are not nephrotoxic 
(see Figure 9-5). By contrast, in the nephropathy 
of Waldenstrém’s disease the M component in the 
blood is directly deposited in the glomerular capil- 
lary luminae, forming thrombi.%* 


Polymerization of Paraprotein 


Approximately 20% of cases of myeloma are of 
the IgA class.® This class of monoclonal immuno- 
globulins has the property of forming polymers 
in the blood, so that it can occur as the monomer, 
dimer, trimer, quadramer, etc. Polymeric IgA dif- 
fers from monomeric IgA in that the polymeric 
variety has a single joining (J) chain,®%7° a small 
polypeptide chain of 15,000 daltons bound to the 
heavy chain of the dimer.7* It is thought that it 
is the amount of intracellular J chain that controls 
whether the IgA is secreted as a monomer or po- 
lymerized. 

In normal plasma 5%-15% of IgA is poly- 
meric, whereas in secretions the predominant form 
is the dimer. Roberts-Thompson et al., in a study 
of 25 patients with IgA myeloma, found 14 were 
mainly monomeric (monomer > 50%) and 11 
polymeric (monomer < 50%); within each group 
there was wide variation, but predominantly po- 
lymerized forms were only a feature of multiple 
myeloma.!!! This preliminary study drew atten- 
tion to the relationship of large amounts of poly- 
meric IgA and the development of the hyperviscos- 
ity syndrome.*! This syndrome is characterized 
by a grossly elevated relative serum viscosity, 
bleeding, retinopathy, and a wide spectrum of neu- 
rologic lesions; it is most often encountered in 
Waldenstrém’s disease. In an additional study us- 
ing refined techniques,”’ it was shown that marked 
hyperviscosity occurred in 5% of 179 patients with 
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IgA myeloma, and that polymerization and viscos- 

ity were related. However, it seems that it is the 
aggregation of IgA that produces the clinical 
symptoms. 

Hyperviscosity can also occur in IgG myeloma; 
in this case it is due to either a concentration- 
dependent aggregation of the paraprotein or mo- 
lecular asymmetry.52 IgA tends to bind to other 
proteins, in particular, albumin.®? Recently it was 
shown that a;-microglobulin, a low molecular 
weight serum protein (33,000 daltons),}® is 
strongly bound by monoclonal monomeric IgA 
in multiple myeloma; therefore, the serum a,-mi- 
croglobulin levels in patients with a normal glo- 
merular filtration rate tend to reflect the amount 
of IgA monomer (Cooper EH, Forbes M, and 
MacLennan I, unpublished data). 


Lymphadenopathies Associated with 
Dysgammaglobulinemia 


The association between enlarged lymph nodes 
and dysgammaglobulinemia is well established in 
a spectrum of malignant and benign diseases. 
These disorders were reviewed by Pruzanski,!°° 
who classified them as shown in Table 9-7. It can 
be seen that they include diseases in which the 
dysgammaglobulinemia is a key factor in the im- 
munopathology, for example, Bence Jones protein- 
uria nephropathy, IgM M component and hyper- 
viscosity syndromes, amyloidosis, and those 
diseases in which the formation of immune com- 
plexes can result in tissue damage, such as systemic 
lupus erythematosus. However, apart from infec- 
tions and immunization-/ and drug-induced con- 
ditions, the precise interrelationships of the 
lymphadenopathy and the production of an abnor- 
mal gamma globulin profile is uncertain. 


Less Common Disorders of the Plasma 
Proteins in Lymphoma 


Monoclonal gammopathy occurs in 6%-8% of 
patients with diffuse lymphomas, but only in 1% 
of those with nodular lymphomas.®? The mono- 
clonal spike is less common in HD. Other expres- 
sions of immune disorders in HD are the rare 
occurrence of Coombs’-positive autoimmune he- 
molytic anemia and idiopathic thrombocytopenic 
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TABLE 9-7 Lymphadenopathy Associated with 
Dysgammaglobulinemia 


Chronic lymphadenopathy with systemic manifestations 
Angioimmunoblastic lymphadenopathy 
(Immunoblastic lymphadenopathy) 

Giant lymph node hyperplasia (Castleman’s disease) 
Sinus histiocytosis with massive lymphadenopathy 
Chronic benign lymphadenopathy in childhood 


Malignant diseases 

Waldenstrém’s macroglobulinemia and related syn- 
dromes 

Plasmacytic dyscrasia (including multiple myeloma, 
plasma cell leukemia) 

Amyloidosis 

Gamma heavy chain disease 

Alpha heavy chain disease 

Mu heavy chain disease 

Hodgkin’s disease 

Lennert’s lymphoma 

Other lymphomas 

Leukemias 

Kaposi’s sarcoma 


Collagen—vascular diseases 
Juvenile rheumatoid arthritis 
Rheumatoid arthritis 
Felty’s syndrome 
Systemic lupus erythematosus 
Mixed connective tissue disease 
Lymphoid granulomatous vasculitis 
Sjdgren’s syndrome 
Peetoom-Meltzer syndrome 


Other disorders 
Drug-induced lymphadenopathy 
Infectious diseases 
Sarcoidosis 
Vaccination and immunization 
Primary dysgammaglobulinemia I 
Graft-versus-host reaction 


From Pruzanski,!° with permission. 


purpura.** The literature on this unusual compli- 
cation has been reviewed by Jones” and Waddell 
and Cimo.132 


Complement 


Several investigators have studied complement lev- 
els in HD. The earlier reports did not find any 
relationship between the levels and the incidence 
of relapse or remission.®> Later it was shown that 
total hemolytic complement and complement lev- 
els were elevated in relapse and untreated dis- 
ease,2?-183.189 and levels of complement were shown 
to be related to those of other APRPs.139 
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The levels of circulating immune complexes 
were reported by Amlot et al.® to be associated 
with generalized symptoms in HD, but this has 
not been confirmed by others.2*73 Recent studies 
using the Raji cell assay in children with HD indi- 
cate a progressive rise in circulating immune com- 
plexes related to stage; levels are normal or very 
low in patients with complete remission.” 


Ferritin 


Ferritin is the soluble iron-storage protein found 
in cells of the body. The protein consists of an 
apoprotein shell of 440,000—-600,000 daltons and 
an iron core containing 2500-4000 iron atoms. 
The administration of iron to the whole animal 
or to cells is a stimulus for the synthesis of the 
apoprotein.§141 The level of serum ferritin is 
raised in HD and NHL. In a study of 125 un- 
treated patients with HD, there was a tendency 
for the serum ferritin to rise with stage and to 
be high when there were symptoms, while the se- 
rum iron and transferrin levels were low.®* This 
reaction is considered to be a nonspecific response 
of the reticuloendothelial system to the malignant 
process. It is of interest that a similar rise in serum 
ferritin is found in rheumatoid arthritis (Figure 
9-6), and both rheumatoid arthritis and advanced 
HD share the common property of being strong 
stimuli for the elevation of CRP and SAA. 
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Detailed studies of ferritin have shown there 
are about 20 human isoferritins derived from two 
or three common subtypes: H is characteristic of 
the acid isoferritins in the heart, HL is common 
to the heart and liver, and L is the more basic 
ferritin of the liver and spleen.*4 Cancer cells tend 
to contain ferritins that are more acidic than those 
normally in the human liver; as yet there is no 
evidence as to whether there is a significant change 
in the plasma isoferritin composition in HD. 


B2-Microglobulin 


The 2-M originates from nucleated cells, where 
it forms the light chain of HLA. The lymphoid 
tissue in health appears to be one of the major 
sources of this protein in the plasma. In common 
with all low molecular weight proteins, this protein 
(11,800 daltons) is freely filtered by the glomeruli 
and normally over 99% is reabsorbed and catabo- 
lized by the cells lining the proximal tubules. The 
normal range of serum levels is 0.4-2.4 mg/l, 
which tends to rise to an upper limit of 3.0-3.5 
mg/l in people over 70 years of age. The protein 
turnover is very fast, with a serum half-life of less 
than | hour. Elevations of serum 82-M can occur 
in a variety of malignant neoplasms, especially 
lymphoproliferative tumors, and certain benign 
diseases (mainly autoimmune disorders); levels al- 
ways rise passively and in proportion to any de- 
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FIGURE 9-6 Distribution of serum ferritin 
concentration (log scale) in normal women 
and patients with breast cancer, rheumatoid 


100 ~~ 7000 
Serum Ferritin yg/t 


10,000 arthritis, and Hodgkin’s disease. (From 


Jacobs et al.,®* with permission.) 
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TABLE 9-8 Distribution of 82-microglobulin in Untreated Chronic 
Lymphocytic Leukemia Staged According to the Rai Classification 


Rai Stage 
0 I-II II-IV 
Number 21 13 8 
Inter-quartile range 2.0-2.8 2.7-5.3 4.4-16.9 
Median 2.6 3.0 7.5 
95% non-parametric confidence limit 2.0-2.8 2.64.7 3.0-24.2 


* From Spati et al.,!?5 with permission. 


crease in the glomerular filtration rate.5>-72127 The 
levels of B.-M are unrelated to those of APRPs, 
although coincidental elevations may occur; Bo-M 
levels are unaffected by trauma and little affected 
by sepsis. 


Levels in Chronic Lymphocytic Leukemia 


Despite its nonspecific character, the serum B.-M 
level appears to have potential as a marker of tu- 
mor burden in chronic lymphocytic leukemia!?+?25 
and multiple myeloma.’ The disturbance of se- 
rum £>2-M levels in HD and NHL is more complex 
and has less immediate clinical application as a 
routine marker. In untreated chronic lymphocytic 
leukemia, the level of 82-M is related to tumor 
burden (Table 9-8). This general relationship has 
been confirmed in other studies of untreated and 


TREATED CLL n=34 


FIGURE 9-7 Slopes indicat- 10 

ing the overall rates of change 

of serum B2M levels in pa- 

tients with stage II-IV chronic 8 + 
lymphocytic leukemia; levels 
tend to fall during the first 12- 
18 months as a result of che- 
motherapy; later, a long, slow 
phase of rise occurs until the 
patient’s death. In contrast, 
patients with stages O and I 
who do not require treatment 
tend to have levels that are ei- 2 
ther within the normal range 

or rarely above 4 mg/1 and 
remain constant for many 0 
years. (From Spati et al.,125 0 6 ie 
with permission.) 
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treated patients.124 Longitudinal studies of the gen- 
eral slope of the rate of change of serum Bs-M 
levels show the way in which the level tends to 
rise slowly in patients whose disease is poorly con- 
trolled, whereas the level is fairly stable in patients 
whose disease is intrinsically nonprogressive (Fig- 
ure 9-7). It is of interest that despite the rise in 
serum Be-M levels in stages IJ-IV the amount 
of chronic lymphocytic leukemia in lymphocytes 
is less than that in normal peripheral blood 
lymphocytes.'°8 In practical terms, the slow rate 
of change of this marker suggests that measure- 
ments every 4 months are adequate to give warning 
of an insidious expansion of the tumor burden. 
Serum 82-M measurements are most helpful in 
assessing a new case of chronic lymphocytic leuke- 
mia or monitoring patients who are being watched 
without treatment. 
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Levels in Hodgkin’s Disease and Non- 
Hodgkin’s Lymphoma 


In HD the levels of B2-M tend to increase with 
stage. In Amlot and Adinolfi’s series a B2-M level 
greater than 3 mg/1 was found in 7 (33%) of 
22 patients with stages I and II, and in 40 (71%) 
of 56 with stages III and IV.° A similar trend 
was observed in our data: 5% of 38 patients with 
stages I and II and 43% of 23 patients with stages 
III and IV had a serum Bo-M level greater than 
3 mg/1; whereas only 3.8% of 104 patients in 
complete remission from stages III and IV had 
a raised serum B2-M.33 

The distribution of Bo-M in NHL is illustrated 
by data from a multicenter trial organized in Leeds 
(Table 9-9).3 The overall analysis of NHL, ex- 
cluding Burkitt’s lymphoma, showed that 31% of 
stage I and II patients and 61% of stage III and 
IV patients had B.-M levels of over 3 mg/1. When 
this set of patients was subdivided into those whose 
histology (according to Rappaports classification) 
was known to be associated with a good prognosis 
(NWDL; NPDL; NM; DWDL), the initial pre- 
treatment level of B2-M was not associated with 
survival. In contrast, among the group of patients 
with a histology known to be associated with a 
poor prognosis (DM, DH, DPDL and unclassi- 
fied), those patients with an initial B2-M level of 
over 4 mg/1 had a projected median survival of 
10 months, compared to 60 months in those whose 
level was under 4 mg/1. Further studies are needed 
to see if this marker continues to make this prog- 
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nostic stratification in the poor prognosis group. 
The biologic explanation for this phenomenon is 
not known. The time course of Bo-M and CRP 
levels in illustrative cases of lymphoma are shown 
in Figures 9-8 and 9-9. 


Levels in Multiple Myeloma 


The early reports of serum Be-M levels in disease 
showed that multiple myeloma was frequently as- 
sociated with high levels. Levels over 3 mg/1 were 
reported by Shuster et al.!2 in 39% of 103 patients 
and by Kin et al.”4 in 58% of 36 Japanese patients. 
This observation has since been confirmed by sev- 
eral other studies. In our initial experience with 
36 patients, pretreatment levels were over 4 mg/ 
1 in 16 and under 4 mg/1 in 20. This level of 
B2-M was shown to be significantly related to sur- 
vival: the median survival for the two groups was 
15 months and 46 months, respectively. This has 
been confirmed in an independent study of 90 pa- 
tients in Manchester: the median survival in the 
group with initial Bo-M levels over 4 mg/l was 
15 months, whereas it was 38 months in the group 
with B2-M levels under 4 mg/1 (Scarffe H and 
Forbes M, personal communication, 1982). In our 
own and the Manchester series it was shown that 
the pretreatment serum B2-M level is a powerful 
predictor of survival and retains this effect when 
all the usual criteria of estimating tumor burden, 
as described by Durie and Salmon,* are taken 
into account. A study of 78 patients in France 


TABLE 9-9 Percentage Distribution of Serum 82-Microglobulin in 
Untreated Non-Hodgkin’s Lymphomas 


Bo-Microglobulin 


No. of <3.0 3.1-5.0 >5.0 

Histologic Type* Patients mg/l mg/1 mg/l! 
NWDL, NPDL, NM 43 63 23 14 
DWDL 19 26 42 37 
DPDL 27 74 18 9 
DM 20 20 30 50 
DH 25 36 36 28 
Unclassified 16 43 43 14 
African Burkitt’s lymphoma? 33 27 52 21 


From Cooper and Child,33 with permission. 

«NWDL, nodular well differentiated lymphocytic; NPDL, nodular, poorly differen- 
tiated lymphocytic; NM, nodular mixed; DWDL, diffuse well differentiated lympho- 
cytic; DPDL, diffuse poorly differentiated lymphocytic; DM, diffuse mixed; DH, 


diffuse histiocytic. 
® Data from Cooper et al.37 
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FIGURE 9-8 Independence of the CRP response and 82M levels in a 32-year-old man with Hodgkin’s 
disease. (Same patient as in Figure 9-3.) (From Child et al.,2° with permission.) 


FiGURE 9-9 Independence of the 
CRP and BoM levels in a 71-year-old 
woman with Hodgkin’s disease com- 
plicated by diabetes and an un-united 
fracture of the right femur in relation 
to Paget’s disease. Staging procedures 
were limited and local radiotherapy 
was given to the neck and axilla in 
July 1977. On reevaluation in March 
1978 there was hepatosplenomegaly 
and a trephine biopsy showed evidence 
of HD. 
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has confirmed the high correlation of the total- 
body burden to multiple myeloma cells and the 
serum Be-M level.!? Examples of the evolution of 
serum $2-M levels and the main clinical events 
in two cases of multiple myeloma are shown in 
Figures 9-10 and 9-11. The overall trends of 
B2-M in patients who died within 2 years (Figure 
9-12) are contrasted with those in patients who 
survived more than 2 years (Figure 9-13). 

A recent Japanese study indicated that low lev- 
els of serum B2-M in multiple myeloma are signifi- 
cantly associated with certain IgG heavy chain 
allotypes.°° On the other hand, the distribution 
of raised and normal levels of 82-M are not signifi- 
cantly different in the lambda and kappa types 
of IgA and IgG myelomas. The concentration of 
B2-M shows a general tendency to rise in parallel 
with the concentration of paraprotein, but there 
is considerable variation between patients within 
the same class of paraprotein. 

The levels of serum §2-M are infrequently 
raised in patients with benign gammopathy,'+% 
but the overlap with the levels in the less aggressive 
forms of multiple myeloma make it impractical 
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to use this measurement to distinguish these two 
conditions.!29> On the other hand, the diagnostic 
criteria for these two disorders are different.?” Mo- 
rell and Riesen® found that a quantitative immu- 
nohistochemical examination of the bone marrow 
and the percentage M component in the total se- 
rum protein separated the benign from malignant 
disease in about 90% of cases in their series. 

In summary, current evidence suggests that a 
raised serum $2-M can occur in most forms of 
malignant lymphoproliferative disease and tends 
to be related to the tumor mass. The protein has 
a very short half-life, so that a marked increase 
in its production rate is needed to sustain a general 
rise in its level. All classes of proliferating lympho- 
cytes, including T and null cells, have been shown 
to be capable of producing a raised serum B2-M 
but there is often a wide variation in the membrane 
turnover rate between different clones. Infectious 
mononucleosis is an example of a benign lympho- 
proliferative disorder in which the B2-M level is 
raised coincidentally with the production of the 
proliferating atypical mononuclear cells,37-67-125 
which are known to be of T cell origin.!2? It was 
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FIGURE 9-10 Elevation of serum creatinine and B2M levels in a 62-year-old woman with IgA K multiple 
myeloma and hypercalcemia. (Patient under care of Dr. J.A. Child.) 
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Elevation of serum creatinine and BoM levels in a 64-year-old woman with an aggressive case 


of IgG multiple myeloma that failed to respond to chemotherapy. The IgG last value is associated with a coincidental 
uremia. 
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FiGurE 9-12 Evolution of serum 82M in patients who died within 24 months of presentation. (From 
Norfolk et al.,!° with permission.) 
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FIGURE 9~13_ Evolution of serum 82M in patients who survived 40 or more months. (From Norfolk et al.!®) 


recently shown that high serum B2-M levels are 
frequent in myeloproliferative disorders and vari- 
ous types of ineffective erythropoiesis, such as 
megaloblastic anemias due to By or folate defi- 
ciency, and homozygous thalassemia (Norfolk D, 
Child AJ, and Cooper EH, unpublished data). 


Immunologic Abnormalities 


As each new technique for the exploration of the 
function of the lymphoid system has been devised, 
investigators have been quick to see if they can 
show another defect in lymphocyte function in 
Hodgkin’s disease. The methods currently used 


TABLE 9-10 Tests of T Cell Function 


Delayed hypersensitivity response 

T cell proportions and absolute numbers 

T cell subset proportions 

Phytohemagglutinin reactivity 

T cell colony formation in agar 

Concanavalin A-induced suppressor cell activity 

T cell-mediated spontaneous and antibody-dependent 
cytotoxicity 

T cell chemotaxis 


Adapted from Schulof et al.,12° with permission. (See Schulof 
et al. for the technical details of these tests.) 


for investigating T cell function are listed in Table 
9-10. Consequently, the literature now contains 
a plethora of accounts of these abnormalities, 
mainly in HD but with some studies of NHL. It 
is now evident that B cell function is unaffected 
by HD alone, but can be depressed by a combina- 
tion of splenectomy, chemotherapy, and radiother- 
apy; T cell function, however, is abnormal in all 
patients with the disease. The recent reviews of 
DeVita and Hellman*® and Schulof et al.'2° help 
bring the evidence into their clinical context. 

The delayed hypersensitivity reactions are gen- 
erally depressed and the absolute numbers of circu- 
lating T cells tend to be low in at least one-half 
of patients with HD. The more recent tests of T 
cell function tend to show that properties such 
as chemotaxis, T cell colony formation, and spon- 
taneous and antibody-dependent cytotoxicity are 
abnormal in HD."”° It is of interest that a study 
of 43 Egyptians with HD and NHL showed a 
pattern of defective cellular immunity similar to 
that in Americans** and comparable results were 
found in Indians with NHL in Bombay.! 

In multiple myeloma and macroglobulinemia 
there is an increased susceptibility to bacterial 
infection.47-148 Unlike the lymphomas, in these dis- 
ease it is the primary response to antigenic chal- 
lenge that is impaired, whereas secondary re- 
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sponses and delayed hypersensitivity reactions are 
less impaired.14® The main defect in multiple my- 
eloma is the inability of myeloma B cells to differen- 
tiate into plasma cells and secrete immunoglobulin 
in response to antigens or mitogens. It now appears 
that myeloma B cells can proliferate in vitro in 
response to pokeweed mitogen in the presence of 
irradiated T cells, but they do not produce immu- 
noglobulin. Hence the defect in differentiation ap- 
pears to be beyond the point of DNA synthesis.57 
The focus has now moved to the immunoregula- 
tory function of the T cells in multiple 
myeloma.?3-103-104 The helper T cell function is in- 
tact for polyclonal immunoglobulin secretion, but 
the suppressor T cells do not function effectively 
due to a deficit in the nonsuppressor T cell 
subset.1°2 It has been suggested that this deficit 
could be a compensatory response to either the 
monoclonal proliferation or the involvement of im- 
munoregulatory T cells in the pathogenesis of mul- 
tiple myeloma.1°? Several tests can be combined 
to give a “lymphocyte score,” which has proved 
to be a good prognostic indicator in HD.?° 

There is unequivocal evidence that T lympho- 
cyte function is altered in lymphoid disease. The 
part played by the humoral environment in bring- 
ing about the immunodeficiency states, however, 
is less well understood. The levels of copper® and 
zinc can influence cell-mediated immunity; de- 
layed hypersensitivity reactions can be restored 
in zinc-deficient children by giving them this trace 
metal.5> CRP9106 and AGP3! have both been 
shown to modify lymphocyte function in vitro. Re- 
cently it was shown that SAA exerts an immuno- 
suppressive effect in the early antibody response 
of mice to sheep red blood cells.18 These serum 
proteins and trace metals are usually abnormal 
in widespread lymphomas and may play a part 
in amplifying the immunodeficiency, but it is un- 
likely that they play a significant role in the distur- 
bances of immunity that are well known in stage 
I HD. 


Serum Enzymes 


During the 1960s and early 1970s there has been 
a general interest in serum enzymes as possible 
aids to cancer diagnosis and monitoring. The dis- 
covery that the relative frequency of various isoen- 
zymes (identified by their electrophoretic mobility) 
of an enzyme such as lactate dehydrogenase 
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(LDH) can be disturbed in cancer prompted con- 
siderable research, but little of this information 
has been useful in routine practice. Serum LDH 
levels have been shown to be proportional to the 
tumor mass and predict prognosis in American 
and African Burkitt’s tumor.®® In a study of 30 
patients with diffuse histiocytic lymphoma, 
Schneider et al. observed a highly significant differ- 
ence between the survival of patients with LDH 
below 500 units and the survival of those with 
an LDH greater than 500 units; the survival rates 
were 67% and 13%, respectively.11® 


Liver Function Tests 


Jaundice is usually a late complication of lympho- 
mas; usually it is due to a compression of the bili- 
ary tract, but it can also be caused by the chole- 
static action of certain drugs. Serum albumin levels 
tend to be well maintained until there is a massive 
tumor burden in lymphoma or widespread multi- 
ple myeloma. A comparison of the liver biopsies 
obtained at staging laparotomy and the levels of 
serum enzymes reflecting parenchymal cell func- 
tion was made by Belliveau et al. The y-gluta- 
myltransferase levels were raised in patients with 
biopsies showing cholestasis and hepatitis, or gran- 
ulomas; but less than one-half of those with Hodg- 
kin’s tissue in the liver biopsy had increased levels. 
Alkaline phosphatase tended to be raised in these 
three forms of liver pathology. The tendency for 
alkaline phosphatase to rise progressively with 
stage in HD had been recorded in a previous study 
by Aisenberg et al.? 

A study in our laboratory"° of serum y-gluta- 
myltranspeptidase in routine hematologic practice 
showed that high levels (> 100 units/1) occurred 
in 6 (12%) of 50 HD patients; all 6 had stage 
IIT or IV disease. High levels were also found in 
7 (27%) of 26 NHL patients, 4 of whom had very 
aggressive disease. Polychemotherapy was not a 
cause of high levels of y-glutamyltranspeptidase. 
In multiple myeloma 4 (18%) of 22 patients had 
high levels; 2 of these patients had advanced dis- 
ease with considerable numbers of circulating 
plasma cells. This study reconfirmed the fact that 
although abnormal liver function tests are a sign 
of advanced disease, they add little to the assess- 
ment of the prognosis based on staging procedures 
and clinical examination; yet the liver function 
test is asked for very often by oncologists, many 
of whom take little notice of the result. 
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Conclusions 


As yet there is no universal system for the monitor- 
ing of lymphomas and multiple myeloma. Many 
patients have the good fortune to be treated by 
highly experienced, competent physicians at all 
stages of their illness. Often, however, during the 
middle of the course of a disease that may last 
several years, patients are cared for by less experi- 
enced doctors and an early recurrence can be 
missed (especially in NHL, for which therapy is 
still far from ideal). The clinical chemistry labora- 
tory can help the less experienced doctor by draw- 
ing attention to evidence of disease when the 
patient is apparently in remission. CRP, 
ceruloplasmin, and B2-M seem to be the plasma 
proteins to monitor because they can give warning 
signals, but the sensitivity of A A protein may 
eventually make it a vital part of any protein profile 
in lymphoid malignancy. Whatever is chosen as 
the marker system, it is clear that serial measure- 
ment is the key to appreciating the course of a 
malignant disease of the lymphoid system in the 
individual patient. 

It is becoming evident that biochemical tests 
can help in the stratification of some forms of NHL 
and multiple myeloma. Time will tell whether 
some form of biochemical stratification, albeit used 
retrospectively in the final analysis, can help in 
the testing of novel approaches to therapy. We 
wait for new, simple, and effective cellular immu- 
nology tests to be developed to help in the selection 
of therapy that is Optimal for the particular patient. 


References 


1. Advani SH, Dinshaw KA, Nair CN, Gopal R, 
Talwalkar GU, Iyyer YS, Bhatia HM, Desai PB: 
Immune dysfunction in non-Hodgkin’s lymphoma. 
Cancer 45:2843-2848, 1980 

2. Aisenberg AC, Kaplan MM, Rieder SV, Goldman 
JM: Serum alkaline phosphatase at the onset of 
Hodgkin’s disease. Cancer 26:318-326, 1970 

3. Amlot PL, Adinolfi M: Serum B2-microglobulin 
and its prognostic value in lymphomas. Eur J Can- 
cer 15:791-796, 1969 

4. Amlot PL, Green L: Serum immunoglobulins G, 
A, M, D and E concentrations in lymphomas. Br 
J Cancer 40:371-376, 1979 

5. Amlot PL Slaney J: Hypergammaglobulinaemia 
E in Hodgkin’s disease and its relationship to atopy 
or a familial predisposition to atopy. Int Arch Al- 
lergy Appl Immunol 64:138-145, 1981 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


E. H. Cooper 


. Amlot PL, Russell B, Slaney JM, Williams BD: 


Correlation between immune complexes and prog- 
nostic factors in Hodgkin’s disease. Clin Exp Im- 
munol 31:166-175, 1978 


. Amos RS, Constable TJ, Crockson RA, Crockson 


AP, McConkey B: Rheumatoid arthritis: Relation 
of C-reactive protein erythrocyte sedimentation 
rates to radiographic changes. Br Med J 1:195- 
197, 1977 


. Anderson T, Magrath I, Breteton H, Ziegler J, 


Schein P: Burkitt’s lymphoma: Prediction of early 
relapse and metabolic complications of therapy. 
Proc Am Assoc Cancer Res 15:169, 1974 


. Arseneau JC, Canellos GP, Banks PM, Berard 


CW, Gralnick HR, DeVita VT Jr: American Burk- 
itt’s lymphoma. A clinicopathologic study of 30 
cases. 1. Clinical factors relating to prolonged sur- 
vival. Am J Med 58:314-321, 1975 

Asbjornsen G: Serum copper compared to erythro- 
cyte sedimentation rate as an indicator of disease 
activity in Hodgkin’s disease. Scand J Haematol 
22:193-196, 1979 

Ballocchi S, Bergonzi G, Dall’Aglio P, Fontana 
F, Gandi U, Pantano E, Piosetti P, Scarpioni L: 
Tubular proteinuria in myeloma. Ricerca Clin Lab 
10:149-156, 1980 

Bataille R, Magub M, Grenier J, Donnadio D, 
Sany J: Serum beta-2-microglobulin in multiple 
myeloma: Relation to presenting features and clini- 
cal status. Eur J Cancer Clin Oncol 18:59-66, 1982 
Beaufils M, Morel-Maroger L: Pathogenesis of re- 
nal disease in monoclonal gammopathies. Nephron 
20:125-131, 1978 

Belleville F, Bertrand P, Nabet P: B2-Microglobu- 
line et gammopathies monoclonales. Pathol Biol 
(Paris) 26:348-350, 1978 

Belliveau RE, Wiernik PH, Abt AB: Liver en- 
zymes and pathology in Hodgkin’s disease. Cancer 
34:300-305, 1974 

Benson MD, Cohen AS: Serum amyloid A protein 
in amyloidosis, rheumatic and neoplastic diseases. 
Arthritis Rheum 22:36-42, 1979 

Benson MD, Aldo-Benson MA, Shirahama T, 
Borel Y, Cohen AS: Suppression of in vitro anti- 
body response by a serum factor (SAA) in experi- 
mentally induced amyloidosis. J Exp Med 
142:236-241, 1975 

Benson MD, Aldo-Benson MA: Effect of purified 
protein SAA on immune response in vitro: Mecha- 
nisms of suppression. J Immunol 122:2077-2082, 
1980 

Berggard B, Ekstrém B, Akerstrém B: a-Micro- 
globulin. Scand J Clin Lab Invest [Suppl 154} 
40:63-71, 1980 

Bjorkdlm M, Holm G, Mellstedt H, Johansson 
B, Killander D, Sundblad R, Soderberg G: Prog- 


9. Biochemical and Immunologic Disorders in Diseases of the Lymphoid Tissue 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


nostic factors in Hodgkin’s disease. II. Role of lym- 
phocyte defect. Scand J Haematol 20:306-318, 
1978 

Bowman WP, Melvin 8, Maher AM: Cell markers 
in lymphoma and leukaemia. Ann Intern Med 
25:391-425, 1980 

Brandeis WE, Tau C, Wang Y, Good RA, Day 
NH: Circulating immune complexes, complement 
and complement component levels in childhood 
Hodgkin’s disease. Clin Exp Immunol 39:551-561, 
1980 

Broder J, Humphrey R, Dunn M, Blackman M, 
Meade B, Goldman C, Stober W, Waldmann TA: 
Impaired synthesis of polyclonal (non-paraprotein) 
immunoglobulins by circulating lymphocytes from 
patients with multiple myeloma—role of suppres- 
sor cells. N Engl J Med 293:887-892, 1975 
Brown CA, Hall CL, Long JC, Carey K, Waitz- 
man SA, Arsenberg AC: Circulating immune com- 
plexes in Hodgkin’s disease. Am J Med 64:289- 
294, 1978 

Bucher WC, Jones SE: Serum copper-zinc ratio 
(CZR) in patients with malignant lymphoma. Am 
J Clin Pathol 68:104-105, 1977 

Cavdar AO, Babacan E, Arcasoy A, Erten J, 
Ertem U: Zinc deficiency in Hodgkin’s disease. 
Eur J Cancer 16:317-322, 1980 

Chandy KG, Stockley RA, Leonard CF, Crockson 
RA, Burnett D, MacLennan ICM: Relationship 
between serum viscosity and intravascular IgA po- 
lymer concentration in IgA myeloma. Clin Exp 
Immunol 46:653-661, 1981 

Chilcate RR, Baehner RL, Hammond D: Septice- 
mia and meningitis in children splenectomized for 
Hodgkin’s disease. N Engl J Med 295:798-800, 
1976 

Child JA, Cooper EH, Illingworth S, Worthy TS: 
Biochemical markers in Hodgkin’s disease and 
non-Hodgkin’s lymphoma. Recent Results Cancer 
Res 64:180-189, 1978 

Child JA, Spati B, Illingworth 8, Barnard D, Cor- 
bett S, Simmons AV, Stone J, Worthy TS, Cooper 
EH: Serum B2-microglobulin and C-reactive pro- 
tein in the monitoring of lymphomas. Cancer 
45:318-326, 1980 

Chiu KM, Mortensen RF, Osmand AP, Gewurz 
H: Interactions of alpha-l-acid glycoprotein with 
the immune system. I. Purification and effects upon 
lymphocyte responsiveness. Immunology 32:997— 
1005, 1977 

Claret I, Morales L, Montaner A: Immunological 
studies in post-splenectomy syndrome. J Pediatr 
Surg 10:59-64, 1975 

Cooper EH, Child JA: Serum B2-microglobulin 
in the assessment of lymphoid neoplasia: A review. 
Tumor Diagnostik 2:167-170, 1981 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


45. 


46. 


47. 


48. 


49. 


177 


Cooper EH, Milford Ward A: Acute phase reac- 
tant proteins as aids to monitoring disease. Invest 
Cell Pathol 2:293-301, 1979 

Cooper EH, Plesner T: Beta-2-microglobulin re- 
view: Its relevance to clinical oncology. Med Pe- 
diatr Oncol 8:323--334, 1980 

Cooper EH, Stone J: Acute phase reactant proteins 
in cancer. Adv Cancer Res 30:1-40, 1979 
Cooper EH, Kerruish SM, Gunvén P: Serum beta- 
2-microglobulin in African Burkitt tumour, naso- 
pharyngeal carcinoma and controls. Biomedicine 
35:104-107, 1981 

Corte G, Ferraris AM, Rees JKH, Bargellesi A, 
Hayhoe FGJ: Correlation of serum IgD level with 
clinical and histologic parameters in Hodgkin’s dis- 
ease. Blood 52:905-910, 1978 

DeFronzo RA, Cooke CR, Wright JR, Humphrey, 
RL: Renal function in patients with multiple my- 
eloma. Medicine (Baltimore) 57:151-166, 1978 
DeVita VT Jr, Hellman S: Hodgkin’s disease and 
non-Hodgkin’s lymphomas, in DeVita VT Jr, Hell- 
man S, Rosenberg SA (eds): Cancer—Principles 
and Practice of Oncology. Philadelphia, Lippincott 
1982 pp 1330-1401 

Di Camelli R, Potempa LA, Siegel J, Syehira L, 
Petras K, Gewurz H: Binding reactivity of C- 
reactive protein for polycations. J Immunol 
125:1933-1938, 1980 

Douer D, Pick AI, Kessler E, Vana D, Kenan 
Z: Serum immunoglobulin levels in patients with 
Hodgkin’s disease: Relation to disease activity and 
clinical stage. Clin Oncol 4:209-213, 1978 

Douer D, Chaimoff C, Pick AI, Purkas J: Serum 
immunoglobulin levels in splenectomized Hodgkin 
patients and in subjects following post-traumatic 
splenectomy. Oncology 38:165-167, 1981 


. Drysdale JW, Adelman TG, Aroiso P, Casareale 


D, Fitzpatrick P, Hazard JT, Yokota M: Human 
isoferritins in normal and disease states. Semin He- 
mato] 14:71-88, 1977 

Durie B, Salmon S: A clinical staging system for 
multiple myeloma. Cancer 36:842-854, 1975 
El-Haddad SI, El-Ashmawy S, Hassan W, George 
E, Ali FMM, Sharaf MA, Mahfouz M: Immune 
deficiency in Hodgkin’s and non-Hodgkin lym- 
phoma. Biomedicine 32:128-133, 1980 

Fahey J, Scoggins LR, Utz JP, Szwed CF: Infec- 
tion, antibody response and gamma globulin com- 
ponents in multiple myeloma and macroglobuline- 
mia. Am J Med 35:698-707, 1963 

Fischer CL, Gill C, Forrester MG, Nakamura R: 
Quantitation of “acute phase proteins” post-opera- 
tively. Am J Clin Pathol 66:840-846, 1976 
Foster M, Dawson A, Pocklington T, Fell L: Elec- 
tron spin resonance measurements of blood caeru- 
foplasmin and iron transferrin levels in patients 


178 


50. 


51. 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


61. 


62. 


63. 


65. 


66. 


with non-Hodgkin lymphoma. Clin Radiol 28:23- 
28, 1977 

Foster M, Fell L, Pocklington T, Akinsette F, 
Dawson A, Hutchinson JMS, Mallard JR: Elec- 
tron spin resonance as a useful technique in the 
management of Hodgkin’s disease. Clin Radiol 
28:15-22, 1977 

Frieden F, Hsieh HS: Ceruloplasmin: The copper 
transport protein with essential oxidase activity, 
in Meister A (ed): Advances in Enzymology and 
Related Areas of Molecular Biology, vol 44. New 
York, Wiley, 1976, pp 187 

Fudenberg HH, Virella G: Multiple myeloma and 
Waldenstrém’s macroglobulinemia—Unusual pre- 
sentations. Semin Hematol 17:63-79, 1980 
Gahmberg CG, Anderson LC: Leukocyte surface 
origin of human a-1-acid glycoprotein (orosomu- 
coid). J Exp Med 148:507-531, 1978 
Gajl-Peczalska KJ, Hansen JA, Bloomfield CD, 
Good RA: B lymphocytes in untreated patients 
with malignant lymphoma and Hodgkin’s disease. 
J Clin Invest 52:3064-3073, 1973 

Golden MHN, Jackson AA, Golden BE: Effect 
of zinc on thymus of recently malnourished chil- 
dren. Lancet 2:1057-1059, 1977 

Green JA, Pocklington T, Dawson AA, Foster 
M: Electron spin resonance studies on caeruloplas- 
min and iron transferrin in patients with chronic 
lymphocytic leukaemia. Br J Cancer 41:356-359, 
1980 

Greenwood BM, Whittle HC: Immunology of 
Medicine in the Tropics. London, Arnold, 1981 
Gupta S, Good RA: Markers of human lympho- 
cyte subpopulations in primary immunodeficiency 
and lymphoproliferative disorders. Semin Hematol 
17:1-21, 1980 

Halpern MS, Koshland ME: Novel subunit in se- 
cretory IgA. Nature 228:1276-1278, 1970 
Hancock BW, Bruce L, Ward AM, Richmond J: 
Changes in immune status of patients undergoing 
splenectomy for staging Hodgkin’s disease. Br Med 
J 1:313-315, 1976 

Harrison PM: Ferritin: An iron storage molecule. 
Semin Hematol 14:55-70, 1977 

Hayes JS, Janeky N, Cuthbert AL, Das PM: Mas- 
sive proteinuria in light chain disease. Arch Intern 
Med 138:785-786, 1978 

Hobbs JR: Immunochemical classes of myeloma- 
tosis. Including data from a therapeutic trial con- 
ducted by a Medical Research Council Working 
Party. Br J Haematol 16:599-606, 1969 


. Hobbs JR: Bence Jones Proteins. Essays Med Bio- 


chem 7:105-131, 1971 

Hrgovric M, Tessmer CF, Thomas FB, Ong PS, 
Gamble JF, Schullenberger CC: Serum copper ob- 
servations in patients with malignant lymphoma. 
Cancer 32:1512-1524, 1973 

Hurlimann J, Thorbecke GJ, Hockwald GM: The 


67. 


68. 


69. 


70. 


71. 


72. 


73. 


74. 


75. 


76. 


77. 


78. 


79. 


80. 


81. 


82. 


83. 


E. H. Cooper 


liver as the site of C-reactive protein formation. 
J Exp Med 123:365-378, 1966 

Ilsen KA, Krabbe S, Hisse J: Beta-2-microglobulin 
serum levels in infectious mononucleosis in child- 
hood. Acta Pathol Microbiol Scand [C] 89:205- 
208, 1981 

Jacobs A, Slater A, Whittaker JA: Serum ferritin 
concentrations in untreated Hodgkin’s disease. Br 
J Cancer 34P 162-166, 1976 

Jones PAE, Muller FM, Worwood M: Ferritinae- 
mia in leukaemia and Hodgkin’s disease. Br J Can- 
cer 27:212-217, 1973 

Jones SE: Autoimmune disorders and malignant 
lymphoma. Cancer 31:1092-1098, 1973 

Kaplan MH, Volanakis JE: Interaction of C-re- 
active protein complexes with the complement sys- 
tem. I. Consumption of human complement associ- 
ated with the reaction of C-reactive protein with 
pneumococcal-c-polysaccharide and with choline 
phosphatides, lecithin and sphingomyelin. J Immu- 
nol 112:2135-2147, 1974 

Karlsson FA, Wibell L, Evrin PE: B2-Microglobu- 
lin in clinical medicine. Scand J Clin Lab Invest 
[Suppl 154] 40:27-37, 1980 

Kavai M, Berenyi E, Palkori E, Szegedi G: Im- 
mune complexes in Hodgkin’s disease. Lancet 
1:1249, 1976 

Kin K, Sakurabayashi I, Kawai T: B2-Microglobu- 
lin levels in serum and ascites of malignant dis- 
eases. Gann 68:427-434, 1977 

Koj A: Acute phase reactants, in Allison AC, (ed): 
Structure and Function of Proteins, vol 1. New 
York, Plenum Press, 1974, pp 73-131 

Koshland ME, Wilde CE: Mechanism of immuno- 
globulin polymer assembly. Adv Exp Med Biol 
45:129-138, 1974 

Kushner I, Broder MI, Karp D: Control of the 
acute phase response. Kinetics of the formation 
of C-reactive protein following acute myocardial 
infarction. J Clin Invest 61:235-242, 1978 
Kushner I, Gewurz H, Benson MD: C-Reactive 
protein and the acute phase response. J Lab Clin 
Med 97:739-749, 1981 

Landass TO, Grimmer O, Heier HE, Godal T: 
Increased serum IgE in Hodgkin’s disease is of 
polyclonal origin. Acta Pathol Microbiol Scand 
(C] 87:377-380, 1979 

Larsen B, Heron I, Thorling EB: Elevated serum 
Cu in Hodgkin’s disease and inhibitory effects on 
lymphocyte response in vitro. Eur J Cancer 
16:415-421, 1980 

Leading article: Hyperviscosity syndrome in multi- 
ple myeloma. Lancet 1:359~360, 1973 

Le Bourgeois JP, Tubiana M: The erythrocyte sedi- 
mentation rate as a monitor for relapse in patients 
with previously treated Hodgkin’s disease. Int J 
Radiat Oncol Biol Phys 2:241-247, 1977 

Levin M, Pras M, Franklin EC: Immunological 


§. Biochemical and Immunologic Disorders in Diseases of the Lymphoid Tissue 


84. 


85. 


86. 


87. 


88. 


89. 


90. 


91. 


92. 


93. 


94. 


95. 


96. 


97. 


studies of the major nonimmunoglobulin protein 
of amyloid. I. Identification and partial characteri- 
zation of a related serum component. J Exp Med 
138:373-380, 1973 

Levine AM, Thornton P, Forman PJ: Positive 
Coombs’ test in Hodgkin’s disease. Significance 
and complications. Blood 55:607-611, 1980 
Libansky J, Jezkova Z: Investigations of the immu- 
nological reactivity in haemoblastoses. II. Blood 
complement values in leukaemia, malignant lym- 
phoma and myeloma. Neoplasma 10:605-619, 
1963 

Likhite VV: Immunological impairment and sus- 
ceptibility to infection after splenectomy. JAMA 
236:1376-1377, 1976 

Lindstrém FD, Dahlstrém U: Multiple myeloma 
or benign monoclonal gammopathy? A study of 
diagnostic criteria in 44 cases. Clin Immunol Im- 
munopathol 10:168-174, 1978 

Lukes RJ, Parker JW, Taylor CR, Tindle BH, 
Cramer AD, Lincoln TL: Immunologic approach 
to non-Hodgkin lymphomas and related leuke- 
mias: Analysis of the results of multiparameter 
studies of 425 cases. Semin Hematol 15:322-351, 
1978 

Maack T: Renal handling of low molecular weight 
proteins. Am J Med 58:57-64, 1975 

MacKenzie MR, Babcock J: Studies of the hyper- 
viscosity syndrome. II. Macroglobulinemia. J Lab 
Clin Med 85:227-234, 1975 

Mackie PH, Crockson RA, Stuart J: C-Reactive 
protein for rapid diagnosis of infection in leukae- 
mia. J Clin Pathol 32:1253-1256, 1979 
McFarlane H, Ngu VA, Udeozo IOK, Osunkoya 
BO, Luzzatto L, Motram FC: Some acute phase 
proteins in Burkitt lymphoma in Nigerians. Clin 
Chim Acta 17:325-329, 1967 

Moore DF, Mighore PH, Shullenberger CC, Alex- 
anian R: Monoclonal macroglobulinemia in malig- 
nant lymphoma. Ann Intern Med 72:43-47, 1970 
Morell A, Riesen W: Serum B2-microglobulin, se- 
rum creatinine and bone marrow plasma cells in 
benign and malignant monoclonal gammopathy. 
Acta Haematol 64:87~93, 1980 

Morell A, Maurer W, Skavaril F, Barandun S: 
Differentiation between benign and malignant 
monoclonal gammopathies by discriminant serum 
and bone marrow parameters. Acta Haematol 
60:129-136, 1978 

Morel-Maroger L, Basch A, Danon F, Veroust 
P, Richet G: Pathology of the kidney in Walden- 
str6m’s macroglobulinemia. Engl J Med 283:123- 
129, 1970 

Mortazavi SH, Bani-Hashemi A, Mozafari M, 
Raffi A: Value of serum copper measurement in 
lymphomas and several other malignancies. Can- 
cer 29:1193-1198, 1973 


98. 


99. 


100. 


101. 


102. 


103. 


104. 


105. 


106. 


107. 


108. 


109. 


110. 


111. 


112. 


179 


Mortensen RF, Osmond AP, Gewurz H: Effects 
of C-reactive protein on the lymphoid system. I. 
Binding of thymus-dependent lymphocytes and al- 
teration of their functions. J Exp Med 141:821- 
839, 1975 

Nakao Y, Matsumato H, Miyazaki T, Watanabe 
S, Masaoka T, Takatsuki K, Kishihara M, Koba- 
yashi N, Huttori M, Fujita T: Genetic and clinical 
studies of serum B2-microglobulin in haematologi- 
cal malignancies. Clin Exp Immunol 46:134-141, 
1981 

Norfolk D, Child JA, Cooper EH, Kerruisn SM, 
Milford Ward A: Serum B2-microglobulin in mye- 
lomatosis: Potential value in stratification and 
monitoring. Br J Cancer 42:510-515, 1980 

Owen JA: Effect of injury on plasma proteins. Adv 
Clin Chem 13:37-111, 1970 

Ozer H, Han T, Henderson ES, Nussbaum A, 
Sheedy D: Immunoregulatory T cell function in 
multiple myeloma. J Clin Invest 67:779-789, 1981 
Paglieroni T, MacKenzie MR: Studies on the 
pathogenesis of immune defect in multiple my- 
eloma. J Clin Invest 59:1120-1133, 1977 
Paglieroni T, MacKenzie MR: Multiple myeloma: 
An immunologic profile. III. Cytotoxic and sup- 
pressive effects of the EA rosette forming cell. J 
Immunol 124:2563-2570, 1980 

Patel AR, Shah PL, Vohra RM, Hart WL, Shah 
JR: Serum ferritin levels in haematologic malig- 
nant neoplasms. Arch Pathol Lab Med 104:509- 
512, 1981 

Pepys MB: C-Reactive protein fifty years on. Lan- 
cet 2:653-657, 1981 

Pepys MB, Dash AC, Markham RE, Thomas HC, 
Williams BD, Petrie A: Comparative clinical study 
of protein SAP (amyloid P component) and C- 
reactive protein in serum. Clin Exp Immunol 
32:119-124, 1978 

Plesner T: Lymphocyte-associated B2-microglobu- 
lin studied by crossed radioimmunoelectrophore- 
sis. Scand J Immunol 8:363-367, 1975 

Pruzanski W: Lymphadenopathy associated with 
dysgammaglobulinemia. Semin Hematol 19:44-62, 
1980 

Roberts BE, Child JA, Cooper EH, Turner R, 
Stone J: Evaluation of the usefulness of serum gam- 
maglutamyltranspeptidase levels in the manage- 
ment of haematological neoplasia. Acta Haematol 
59:65-72, 1978 

Roberts-Thompson PJ, Mason DY, MacLennan 
ICM: Relationship between paraprotein polymeri- 
zation and clinical features in IgA myeloma. Br 
J Haematol 33:117-130, 1976 

Romagnani §, Bigiotti R, Amadori A, Maggi E, 
Biti G, Bellesi G, Ricci M: Hyperproduction of 
IgE and T cell dysfunction in Hodgkin’s disease. 
Int Arch Allergy Appl Immunol 63:64—-72, 1980 


180 


113. 


114. 


115. 


116. 


117. 


118. 


119. 


120. 


121. 


122. 


123. 


124. 


125. 


126. 


127. 


Rose PE, Johnson SA, Meakin M, Mackie PH, 
Stuart J: Serial study of C-reactive protein during 
infection in leukaemia. J Clin Pathol 34:263—266, 
1981 

Rosenbaum JT, Dwyer JM: The role of IgE in 
the immune response to neoplasia. A review. Can- 
cer 39:11-20, 1977 

Rosenthal CJ, Franklin EC: Variation with age 
and disease of an amyloid A protein related serum 
component. J Clin Invest 55:746-753, 1975 
Rosenthal CJ, Sullivan LM: Serum amyloid A to 
monitor cancer dissemination. Ann Intern Med 
91:383-390, 1979 

Rosset G, Farquet J-J, Cruchand A: The serum 
immunoglobulins in lymphoproliferative malig- 
nancies. Eur J Cancer 14:369-376, 1978 

Salmon SE: Paraneoplastic syndromes associated 
with monoclonal lymphocytes and plasma cell pro- 
liferation. Ann NY Acad Sci 230:228-239, 1974 
Schneider RJ, Seibert K, Passe S, Little C, Gee 
T, Lee BJ, Mike V, Young CW: Prognostic signifi- 
cance of serum lactate dehydrogenase in malignant 
lymphoma. Cancer 46:139-143, 1980 

Schulof RS, Bockman RS, Garofalo JA, Cirrin- 
cione C, Cunningham-Rundles S, Fernandes G, 
Day NK, Pinsky CM, Incefy GS, Thaler HT, 
Good RA, Gupta S: Multivariate analysis of T- 
cell functional defects and circulating serum fac- 
tors in Hodgkin’s disease. Cancer 48:964—-973, 1981 
Seligmann M, Brouet J-C, Preud’homme J-L: Im- 
munological classification of non-Hodgkin’s lym- 
phomas; Current status. Cancer Treat Rep 
61:1179-1183, 1977 

Sheldon PJ, Papmichail M, Hensted EH, Holbo- 
row EJ: Thymus origin of atypical lymphoid cells 
in infectious mononucleosis. Lancet 1:1150-1155, 
1973 

Shuster J, Gold P, Poulik MD: Beta-2-microglobu- 
lin in cancer and other disease states. Clin Chim 
Acta 67:307-313, 1976 

Simonsson B, Wibell L, Nilsson K: Beta-2-micro- 
globulin in chronic lymphocytic leukaemia. Scand 
J Haematol 24:174-180, 1980 

Spati B, Child JA, Kerruish SM, Cooper EH: Be- 
haviour of serum beta-2-microglobulin and acute 
phase reactant proteins in chronic lymphocytic leu- 
kaemia. A multicentre study. Acta Haematol 
64:79-86, 1980 

Spiegelberg HL: Detection and subtyping of mono- 
clonal immunoglobulins, in Nakamura RM, (ed): 
Immunoassays in the Clinical Laboratory. New 
York, Liss, 1976, pp 243-272 

Staab HJ, Anderer FA, Ahlemann LM, Stumpf 
E, Hiesche K, Fischer R: Circulating B2-micro- 
globulin in malignant disease. Tumor Diagnostik 
2:292-298, 1981 


128. 


129. 


130. 


131. 


132. 


133. 


134. 


135. 


136. 


137. 


138. 


139. 


140. 


141. 


142. 


E. H. Cooper 


Steidle C, Fateh Moghadam A, Larnerz L, Hunn 
D: Quantitatives verhalten der Immunoglobuline 
bei Hodgkinpatienten nach Splenektomie. Blut 
30:335-338, 1975 

Tada T: Regulation of reaginic antibody formation 
in animals. Prog Allergy 19:122-194, 1975 
Thorling EB, Thorling K: The clinical usefulness 
of serum copper determinations in Hodgkin’s dis- 
ease. A retrospective study of 211 patients from 
1963-1973. Cancer 38:225-231, 1976 

Virella G, Pires MT, Coelho IM: Analytical char- 
acterization of the urinary proteins from sixty pa- 
tients with monoclonal gammopathies. Clin Chim 
Acta 50:63-75, 1974 

Waddell CC, Cimo PL: Idiopathic thrombocyto- 
penic purpura occurring in Hodgkin’s disease after 
splenectomy. A report of two cases and review 
of the literature. Am J Hematol 7:381-387, 1979 
Wagener DJT, Hannen C: Total serum haemolytic 
complement activity, erythrocyte sedimentation 
rate and plasma fibrinogen as indicators of the 
stage in Hodgkin’s disease. Eur J: Clin Invest 
7:289-294, 1977 

Wagener DJT, Van Munster PJJ, Haanen C: The 
immunoglobulins in Hodgkin’s disease. Eur J Can- 
cer 12:683-688, 1976 

Waldenstrém JG: Incipient myelomatosis or essen- 
tial hyperglobulinemia with fibrinogenopenia—A 
new syndrome? Acta Med Scand 117:216-247, 
1944 

Warner NL, Potter M, Metcalf D: Multiple my- 
eloma and related immunoglobulin-producing neo- 
plasms. International Union Against Cancer Tech- 
nical Report Series, vol 13. A series of workshops 
on the Biology of Human Cancer. Report No 1, 
Geneva, 1974 

Wilimas J, Thompson E, Smith KL: Value of se- 
rum copper levels and ESRs as indicators of disease 
activity in children with Hodgkin’s disease. Cancer 
42:1929-1935, 1978 

Wolf PL, Ray C, Kaplan H: Evaluation of copper 
oxidase (ceruloplasmin) and related tests in Hodg- 
kin’s disease. Clin Biochem 12:202-204, 1979 
Wood HF, Diamond HD, Craver LF, Rader E, 
Elster SK: Determination of C-reactive protein in 
the blood of patients with Hodgkin’s disease. Ann 
Intern Med 48:823-833, 1958 

Woodruff R, Sweet B: Multiple myeloma with 
massive Bence Jones proteinuria and preservation 
of renal function. Aust NZ J Med 7:60-62, 1977 
Wormwood M: The clinical biochemistry of iron. 
Semin Hematol 14:3-30, 1977 

Zarrabi ME, Stark RS, Kane P, Dannaher CL, 
Chandor S: IgM myeloma, a distinct entity in the 
spectrum of B-cell neoplasia. Am J Clin Pathol 
75:1-10, 1981 


Cuapter 10 


Hematologic Aspects of Malignant 
Lymphoproliferative Disease 


SANFORD JAY KEMPIN 


Malignant lymphoproliferative disorders, resulting 
from the monoclonal proliferation of lymphocytes, 
influence both hematopoiesis and hemostasis. 
These effects may be caused by the presence of 
the tumor itself, or through secondary properties 
of the tumor such as immunoglobulin secretion 
or release of tissue thromboplastin-like material. 
Apart from these direct influences, treatment-in- 
duced alteration by chemotherapy or radiotherapy 
may result in profound, often prolonged, and occa- 
sionally fatal hematologic complications. Al- 
though many of these complications may be seen 
in patients with solid tumors, the central role of 
the lymphocyte in the development of normal he- 
matopoiesis and immune competence (both of 
which appear to be essential in the protection 
against malignant disease) underlines the complex- 
ity of these alterations and the difficulties encoun- 
tered in their therapy. This chapter is devoted to 
the role of lymphoid cells in normal hematopoiesis 
and alterations produced by their malignant prolif- 
eration and treatment. 


Role of Lymphoid Cells in the 
Development of Normal 
Hematopoiesis 


All mature hematopoietic cells (erythrocytes, neu- 
trophils, basophils, eosinophils, platelets, mono- 
cytes, and lymphocytes) are ultimately derived 
from embryonic mesenchymal tissue giving rise 
to hematopoietic stem cells. The initial stimulus 
for a marrow stem cell to begin its terminal differ- 
entiation is not known, however, subsequent steps 


are more clearly understood. The latter occur un- 
der the influence of colony-stimulating factors 
(CSF), which are themselves derived from he- 
matopoietic cel]ls6?-68.209.282,320.343 and other tis- 
sues, 109-168.389 as well as other hemato- 
poietins.5®124.176.318 Once the cell has achieved a 
morphologically recognizable state, the differentia- 
tion pathway is irreversible. Although lympho- 
cytes are derived from marrow progenitor cells, 
their terminal differentiation, unlike that of other 
hematopoietic cells, occurs outside the bone mar- 
row under the influence of the thymus (T lympho- 
cytes) or the bursa equivalent (B lymphocytes). 
Lymphocytes in turn influence erythro-, myelo-, 
and monopoiesis (Figure 10-1). Recent evidence 
suggests that T lymphocytes may even influence 
hematopoietic stem cell function.342 At the present 
time there is no evidence that lymphocytes directly 
affect thrombopoiesis. 


Erythropoiesis 


The pronormoblast, the earliest morphologically 
recognizable red cell precursor, has already under- 
gone a number of maturational steps under the 
influence of erythropoietin, secreted by the kidney. 


’ T cells play a contributory role in the proliferation 


of early red cell precursors.®8:236520 The nature of 
this interaction is known (secretion of CSF), and, 
in a canine model, thymocyte-stimulated erythro- 
poiesis in vivo has been reported. A malignant 
counterpart of normal T cells has also been found 
to possess erythroid-potentiating activity.125 Re- 
cently, subpopulations of T lymphocytes, defined 
by monoclonal antibodies, have been demonstrated 
to inhibit or stimulate the growth of red cell pre- 
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FIGURE 10-1 Role of lymphoid cells 
in the development of normal hemato- 
poiesis. (a) T cells stimulate or inhibit 
normal red blood cell precursors. (b) 
B cells, likewise, play a stimulatory 
or inhibitory role in red cell produc- 
tion. (c) T cells, by secreting CSF, and 
by interacting with other hemato- 
- poietic cells, influence the production 
of neutrophils. In disease, inhibitory 
=] STEM CELL influences occur. (d) A T lymphocyte 
@ growth factor for monocytes and 
sly @ (a) (b) macrophages derived from a cell line 
VV has been described. (e) There is no evi- 
erythrocyte dence at this time that either B or T 
lymphocytes influence megakaryocy- 
topoiesis. 
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TABLE 10-1 Median Hematologic Values at Diagnosis in Patients with Malignant Lymphoproliferative 


Disease 
Bone Marrow 
Disease* Involvement (%) Hemoglobin (g/di) Leukocytes (<10°/1) Platelets (<10°/1) 
CLL 100 (55)? (17)¢ (39)4 
DWDL 100 14 (43) 6 (14) 207 (17) 
Myeloma 100 (70) 6.5¢ (16) 195¢ (12) 
Waldenstrom’s 100 (60-80) (13) (33) 
macroglobulinemia 
NPDL 62 14 (26) 6.5 (12) 246 ( 4) 
DPDL 34 13 (38) 79 ~~ (14) 268 (12) 
DHL 15 13. (36) 7.3 (4 304 ( 0) 
Hodgkin’s disease 7 11.9-13.0f 8.6-13.9F 
Data from 


Alexanian R, Balcerzak S, Bonnet JD, Gehan EA, Haut A, Hewelett JS, Monto RW: Prognostic factors in multiple 
myeloma. Cancer 36:1192-1201, 1975 

Bloomfield CD, McKenna RW, Brunning RD: Significance of haematological parameters in the non-Hodgkin’s malignant 
lymphomas. Br J Haematol 32:41-46, 1976 

Boggs DR, Sofferman SA, Wintrobe MM, Cartwright GE: Factors influencing the duration of survival of patients with 
chronic lymphocytic leukemia. Am J Med 40:243-254, 1966 

Cline MJ, Solomon A, Berlin NI, Fahey JL: Anemia in macroglobulinemia. Am J Med 34:213-220, 1963 

Imhof JW, Baars H, Verloop MC: Clinical and hematological aspects of macroglobulinemia Waldenstrom. Acta Med 
Scand 163:349-366, 1959 

Kaplan H: Hodgkin’s Disease. Cambridge, Mass, Harvard University Press, 1980 

Kyle RA, Bayrd ED: The Monoclonal Gammopathies. Multiple Myeloma and Related Plasma-Cell Disorders. Springfield, 
Ill, Thomas, 1976. 


* CLL, chronic lymphocytic leukemia; DWDL, diffuse, well-differentiated lymphocytic lymphoma; NPDL, nodular, poorly 
differentiated lymphocytic lymphoma; DPDL, diffuse, poorly differentiated lymphocylic lymphoma; DHL, diffuse his- 
tolocytic lymphoma. 

> Percentage anemic. 

€ Percentage neutropenic. 

4 Percentage thrombocytopenic. 

& Mean value. 

‘Mean value, depending on stage (see Kaplan!7). 
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cursors or burst forming units (BFU-E).5” Cells 
inhibiting erythropoiesis in vitro have been re- 
ported in T cell chronic lymphocytic leukemias 
(CLL).154:234 Some workers have not found an obli- 
gatory role of lymphocytes in BFU-E growth;343 
therefore, the in vivo relevance of these observa- 
tions is unclear. Decreased, normal, and increased 
numbers of T lymphocytes have been observed 
in the lymphoproliferative disorders, however, 
anemia or polycythemia related to these quantita- 
tive abnormalities alone has not been described. 
The role of B lymphocytes in normal hemato- 
poiesis has not been defined. Both B lymphocytes, 
through secretion of an inhibitor of erythropoie- 
sis, 188-189:205 and thymic tissue!*3 have been impli- 
cated in the syndrome of red cell aplasia (see be- 
low). 


Myelopoiesis and Monopoiesis 


The major proliferative stimuli for myelopoiesis 
are the CSFs. These are produced by monocytes 
and macrophages,® stimulated T lymphocytes,*®7 
and a number of tissues, both normal! and 
malignant.*°9 Inhibitors of normal granulocytic 
stem cells, but not CSF, are present in lymphoid 
leukemic cells and are at least partly responsible 
for the neutropenia seen in these patients.4* An 
unusual disorder, “T cell lymphocytosis with neu- 
tropenia,”’ has been described? in which a prolifera- 
tion of cytotoxic suppressor T cells proliferate with 
myeloid maturation arrest. Eosinopoiesis is less 
well characterized. However, sensitized lympho- 
cytes are capable of stimulating eosinophil colony 
growth?82 and neonatal thymectomy diminishes 
antigen-mediated eosinophilia.222 Eosinophilia is 
not uncommon in the lymphoproliferative disor- 
ders,45 and it is conceivable that either the malig- 
nant proliferation or the body’s response may be 
responsible for the increased production of these 
cells. Monocyte production appears to be under 
the control of specific CSFs secreted either by 
monocytes themselves®® or by T lymphocytes. A 
human T lymphocyte-derived growth factor for 
myeloid and macrophage colonies has been 
described? in a malignant cell line. Monocytosis 
is not infrequently observed in Hodgkin’s dis- 
ease,!72 but whether the malignant cell is secreting 
a monocyte CSF is not known. Various hemato- 
logic abnormalities are seen in the malignant lym- 
phomas. Hematologic values reported in lympho- 
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proliferative diseases are summarized in Table 
10-1. 


Hematologic Disorders in Malignant 
Lymphoma 


Anemia 


A decreased red cell mass is a common observation 
in patients with lymphoproliferative disorders.?8 
Although the majority of lymphoma patients at 
diagnosis will be found to have a hgb level above 
12gm/dl—nearly 45% will become anemic during 
the course of the disease.2"4 There are many etiolo- 
gies (Table 10-2) and it is not uncommon to find 
multiple causes in one individual. 


Decreased Production 

Replacement of the marrow cavity by malignant 
lymphocytes is not quite an adequate explanation 
of decreased production. In a number of lympho- 
proliferative states in which marrow involvement 
is common (CLL, multiple myeloma, nodular lym- 
phomas) anemia is only seen in advanced stages, 
particularly if immunohemolytic anemia and hy- 
persplenism are absent. In CLL—in which even 
at early stages (stages O-II) the marrow is nearly 
replaced by small B lymphocytes—-anemia, by def- 
inition, is absent. In nodular lymphomas—in 
which the incidence of marrow involvement may 
be as high as 80%56259.270__anemia is uncommon. 
Distortion of marrow architecture by myelofibrosis 
has been described in Hodgkin’s disease?°!-239 and 
hairy cell leukemia®® to a degree that would seri- 
ously impair hematopoiesis. 

Immune-mediated inhibition of erythropoiesis 
may be secondary to an immunoglobin, generally 
IgG, directed against erythropoietin!® or red cell 
precursors.158-189 Pure red cell aplasia has been 
described in CLL! with a cyclophosphamide-in- 
duced remission resulting in normal erythro- 
poiesis, myelopoiesis, and thrombopoiesis, and no 
objective evidence of CLL. T cell or thymus-de- 
rived inhibitors of erythropoiesis have been de- 
scribed in T cell leukemias!5+254 and thymo- 
mas,/1-103-113 and a marrow-suppressive factor has 
been described in the serum of a patient with 
Hodgkin’s disease.1°° Each of these inhibitory 
states may result in the syndrome of red cell 
aplasia. 15*-186.187 Treatment of the underlying dis- 
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TABLE 10-2 Etiology of Anemia in the Lymphoproliferative 


Disorders 


Decreased Production 
Tumor replacement 


Immune-mediated inhibition 
Treatment-related inhibition 


Evolution into leukemia 


Nutrient deficiencies (iron, folic acid, vitamin By2, protein) 


Anemia of chronic disease 


Increased Destruction 
Nutrient deficiencies 
Enzymatic disorders 
Anemia of chronic disease 
Intramedullary destruction 


Drug-induced hemolytic anemia 
Autoimmune hemolytic anemia 
Microangiopathic hemolytic anemia 


Hypersplenism 
Bleeding 


order, the use of corticosteroids!®* and immuno- 
suppressives, 188341 occasionally splenectomy,” 
plasmapheresis,2"> and the resection of a thy- 
moma,!! if present, may reverse these abnormali- 
ties. 

Chemotherapy and radiotherapy are important 
causes of anemia due to decreased production. 
Most drugs used in the treatment of lymphomas 
influence normal hematopoiesis either by inhibit- 
ing or stimulating marrow precursor cells. Early 
erythroid precursors are particularly susceptible 
to these agents; megaloblastic changes in the bone 
marrow erythroid pool, a result of decreased DNA 
synthesis, are the earliest morphologic changes. 
Because of the long life span of the mature red 
blood cell and the intermittent nature of most lym- 
phoma treatment regimens, significant anemia di- 
rectly related to chemotherapy alone is rarely a 
problem. Most often the combined effects of 
chronic disease, infection, uremia, and radiother- 
apy play a more important role than chemother- 
apy. Consequently, neutropenia and thrombocy- 
topenia are, clinically, the most important 
problems related to the administration of these 
drugs. Antimetabolites (methotrexate, 6-mercap- 
topurine, cytosine arabinoside, azauridine), alky- 
lating agents (nitrogen mustard, chlorambucil, 
cyclophosphamide), intercalating agents (anthra- 
cyclines), and vinca alkaloids all inhibit 
erythropoiesis (as well as myelo- and thrombo- 
poiesis). These are reversible changes. However, 
cumulative injury to marrow stem cell precursors 


may occur with alkylating agents, and, although 
overall marrow cellularity appears normal, mar- 
row reserves may be impaired.??8 

The toxicity from radiotherapy is directly re- 
lated to the dosage received by the exposed 
tissues.312, The presumed abscopal effect of 
therapy*? is thought to result from injury to circu- 
lating stem cells. As with chemotherapy, the toxic 
effects are usually reversible but they may be more 
prolonged.!8°-182312 The incidence of leukemia in 
patients treated with alkylating agents and with 
combined modality approaches is significant,53-71-72 
and in this setting refractory anemia is often the 
initial sign of a leukemia evolution. Bone marrow 
alterations, including dyserythropoiesis, siderob- 
lastic anemia, and increased blast forms, should 
alert the physician to this complication. Remis- 
sions are unusual and brief. Only symptomatic 
therapy (transfusional therapy, antibiotics) is ad- 
ministered until remission induction therapy be- 
comes absolutely necessary. 

Iron is necessary for normal erythropoiesis. In 
patients with lymphoma of the stomach,!"4 inter- 
mittent gastrointestinal blood losses may result in 
severe iron deficiency. Surgical treatments such 
as partial gastrectomy,’*” complete gastrec- 
tomy,?319 and gastroenterostomies??—may them- 
selves cause iron deficiency as a result of 
achlorhydria?3!310 or a loss of other gastric 
secretions?!° by bypassing the duodenum (the main 
site of iron absorption) and by blood loss at anasto- 
motic sites. Involvement of the small bowel by 
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lymphoma may induce a _ malabsorption 
state}45.161,304 as well as bleeding, with the subse- 
quent development of iron, folic acid,2®* and Biz 
deficiency (the Biz deficiency could also result 
from total gastrectomy because of the absence of 
intrinsic factor). This syndrome is particularly fre- 
quent in immunoproliferative small intestinal dis- 
ease (alpha-chain disease or “Mediterranean lym- 
phoma’’),13:91264.294 but has also been found in 
other non-Hodgkin’s lymphomas,®!3%4 as well as 
lymphomas seen in association with celiac sprue 
and dermatitis herpetiformis.16!!2 These deficien- 
cies may result in megaloblastosis and iron defi- 
ciency with hypochromia. Furthermore, amyloid 
deposits in the stomach and small intestine,3%3916 
radiotherapy, and intestinal resections®? may all 
result in an inability to absorb hematopoietically 
necessary nutrients and result in severe anemias. 
Protein malabsorption may cause impaired eryth- 
rocyte production,!* and subsequently an anemia 
that is normocytic and normochromic. 

All lymphoproliferative disorders may result in 
a hypoproliferative anemia that is not clearly re- 
lated to nutritional deficiencies, chemotherapy, nor 
the presence of lymphoma in the marrow; rather, 
it is related to the presence of a chronic debilitating 
illness in which infectious complications and 
chronic inflammation play a significant role. This 
disorder, known as the anemia of chronic disease,®? 
is perhaps the commonest form of anemia in pa- 
tients with underlying malignancy, including lym- 
phomas, and is the most difficult to understand 
and treat. The degree of anemia roughly correlates 
with the severity, but not the duration of the un- 
derlying disorder. The anemia is usually normo- 
cytic and normochromic, but occasionally micro- 
cytic and hypochromic (the latter not as severe 
as in iron deficiency anemia). A normal or low 
reticulocyte count is present, a reflection of both 
decreased erthropoiesis and possibly a “compen- 
sated” anemic state. The serum iron is low,}*! and 
the iron-binding capacity and transferrin satura- 
tion are all decreased. Reticuloendothelial iron is 
normal or increased,13!,226 however, the serum fer- 
ritin is elevated or normal]?°°—a useful distinguish- 
ing feature from iron deficiency, in which it is 
low. The pathogenesis of this disorder includes a 
decreased erythrocyte life span,159322525 impaired 
marrow erythropoiesis,?6° and defective iron 
utilization.'48 This defective utilization results 
from the release of leukocyte endogenous media- 
tor,}7! and lactoferrin,?25-326 and macrophage in- 
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gestion of the lactoferrin-iron complex.3”* As this 
form of anemia is generally seen in uncontrolled 
malignancy, and because the patient generally does 
not have symptoms of the anemia, blood transfu- 
sions are given only if absolutely necessary and 
iron is withheld unless a deficiency can be docu- 
mented. 

The treatment of these hypoproliferative states 
includes nutritional supplementation with iron, 
folic acid, or Big if deficiencies exist and are irre- 
versible. The underlying lymphoma should be 
treated with appropriate therapy. Nonspecific he- 
matinic cocktails are ineffective unless, fortui- 
tously, they happen to treat an unrecognized defi- 
ciency. 


Increased Destruction 

The life span of red blood cells is approximately 
120 days. Premature destruction results in hemo- 
lytic anemia and a subsequent marrow response 
resulting in reticulocytosis. Clinically, the patient 
presents with symptoms of weakness and signs 
of jaundice. Splenomegaly, hepatomegaly, lym- 
phadenopathy and edema may be present, de- 
pending upon the type and extent of the lym- 
phoproliferative disorder. Laboratory evaluation 
demonstrates reticulocytosis, indirect hyperbiliru- 
binemia, increased lactate dehydrogenase and, if 
the disorder is immune in nature, a positive 
Coombs’ antiglobulin test. Mild degrees of destruc- 
tion may not be reflected in the above findings, 
but become apparent on red cell survival studies. 
Because decreased production is common in these 
disorders, the absence of reticulocytosis does not 
eliminate hemolysis as a cause for the anemia. Al- 
most all hemolytic anemias in the lymphoprolifer- 
ative disorders result from extrinsic destruction. 
Exceptions include iron deficiency,8* pernicious 
anemia,°°2_ and enzymatic abnormalities??? in 
which intrinsic defects result in decreased survival. 
Decreased red cell survival, particularly in wide- 
spread metastatic disease, has been described in 
breast and lung cancer?! and might be seen in 
lymphomas. 

Most red cell destruction occurs outside the 
bone marrow; however, intramedullary destruc- 
tion may occur through erythrophagocytosis in 
Hodgkin’s disease.1*? This is an essential aspect 
of a rare and often fatal disorder, histiocytic 
medullary reticulocytosis,328 which is now recog- 
nized as a disorder of the monocyte-macrophage 
lineage. 
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Once red blood cells are released into the circu- 
lation, the major causes of increased destruction 
are immunohemolytic anemia and hypersplenism. 
The production of antibodies directed against a 
red cell membrane antigen, although uncommon, 
represents one of the most serious complications 
of these disorders as well as a therapeutic 
challenge.!9° Although most of the immunohemo- 
lytic anemias are associated with an imbalance in 
the immune system related to the underlying dis- 
ease or treatment, drug-induced hemolytic disease 
must always be considered. Drugs commonly asso- 
ciated with this effect are listed in Table 10-3. 
Recently, VM-26 (Teniposide) has been associated 
with an IgG antibody and hemolytic anemia.**4 
The incidence of a Coombs’ antiglobulin test (not 
necessarily synonomous with hemolytic anemia) 
differs with each disorder with the highest inci- 
dences in CLL?4#255311 and y heavy chain 
disease. 194.336 Approximately 25%-40% of all pa- 
tients diagnosed as having autoimmune hemolytic 
anemia ultimately are found to be suffering from 
a lymphoma; the anemia may antedate the 
diagnosis**1 or complicate the disease.?27 

Autoimmune hemolytic anemias are defined by 
the avidity of the antibody for the red cell antigen 
at various temperatures (cold versus warm react- 
ing). Most of these anemias are due to warm-react- 
ing antibodies that bind best to red cells at 37°C. 
The majority of these antibodies are IgG.77 The 
predominant subclass is IgG1, with IgG2-4 con- 
siderably less common.9* Some of these antibod- 
ies have Rh specificity,7”°° such as anti-c and 
anti-e, and occasionally other defined antibodies 


TABLE 10-3 Drugs Impli- 
cated in Immunohemolytic 
Anemia 


Antimicrobial Agents 
p-Aminosalicyclic acid 
Cephalosporin derivatives 
Isoniazid 
Penicillin 
Streptomycin 
Sulfonamides 


Miscellaneous Agents 
a-Methyldopa 
Chlorpromazine 
Levodopa 
Quinidine 
Thiazides 
VM-26 (Teniposide) 
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such as anti-LW, anti-U, and anti-i.9° More com- 
monly they function as panagglutinins without de- 
fined specificity. Red cell destruction is a result 
of the interaction of the antibody (Fc portion) and 
the monocyte-macrophage system, primarily 
through the interaction of the latter’s Fc and less 
through C3b receptors.1!1 Clearance is extravascu- 
lar, primarily in the spleen.'4! Complement fixa- 
tion depends upon the type of immunoglobulin 
(greater with IgM than IgG) and the density and 
type of IgG molecules on the red cell surface.?89 
Because IgG1 and IgG3 are efficient fixers of com- 
plement, and monocytes have receptors for the 
Fc portion of IgG1 and IgG3, these two subclasses 
are most active in causing hemolysis. The Coombs’ 
antiglobulin test is the laboratory correlate of this 
reaction and approximately 20% of patients with 
a positive direct test have IgG, 30% have IgG 
and complement, and 50% have complement 
alone on the surface of the red blood cell.1°1338 
In Hodgkin’s disease, autoimmune hemolytic ane- 
mia generally occurs late in the course of the dis- 
ease,°4-189 although it has rarely occurred as an 
initial manifestation.3®- 199 It is felt to be a reflection 
of active and advanced disease.199 In CLL, autoim- 
mune hemolytic anemia occurs spontaneously, 
however, rare instances of treatment-related hemo- 
lysis have been described after irradiation.2°? This 
may be related to the sensitivity of T suppressor 
subsets to radiotherapy or chemotherapy. 

The treatment of this form of hemolysis consists 
of corticosteroids, generally prednisone, at a dose 
of 40 mg/m? daily, as well as treatment of the 
underlying lymphoproliferative disorder. Treat- 
ment with steroids may need to be prolonged as 
long as 3 months, during which gradual tapering 
is undertaken.2°° Approximately 80% of patients 
respond.?9° The mechanisms of the steroid action 
include decreased antibody production,?47 de- 
creased antibody avidity for the red cell antigen,?”5 
and a change in monocyte-macrophage clearance 
of antibody-coated red blood cells by an alteration 
of monocyte complement receptors.2® Splenec- 
tomy is recommended in those patients who are 
unresponsive to steroids or who develop significant 
complications with steroid administration. 

Radionuclide sequestration studies may be 
helpful in the decision to undertake sple- 
nectomy.®:123 Splenectomy is most likely to be 
successful if the antibody is of the IgG rather than 
the IgM type, since splenectomy only affects the 
clearance of the former!!1—hence the absence of 
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treatment effect in autommune hemolytic anemia 
with cold-reacting antibodies (see below), which 
are principally IgM. Cytotoxic drugs, particularly 
cyclophosphamide, are included in most lym- 
phoma treatment regimens and contribute to the 
control of this problem.?°°?47 These agents do not 
alter monocyte-macrophage clearance, but work 
through an inhibition of antibody production— 
hence the lag time between their institution and 
treatment effect. Because steroids and cytotoxic 
agents are now generally applied after diagnosis 
in most patients with lymphoma, splenectomy is 
rarely necessary. 

Cold-reactive antibodies (those most active be- 
low 37°C) are rare causes of autoimmune hemo- 
lytic anemia in the lymphoproliferative disorders. 
Most of these cases result from the idiopathic cold 
agglutinin syndrome, although there are reports 
of its presence in Waldenstrém’s macroglobulin- 
emia, CLL, non-Hodgkin’s lymphoma,?6291313.338 
and, in one case, a poorly defined lymphoprolifera- 
tive disorder.17* Most of these antibodies are di- 
rected against anti-I or anti-i, and are IgM in type. 
They appear to share idiotypic specificity,2©° and 
the monoclonal types have kappa light chains.!9° 
The antibodies fix complement, and C3b-mediated 
phagocytic sequestration,’ occurring primarily in 
the Kupfer cells of the liver,!4! is responsible for 
most red cell destruction. This reaction is mediated 
in part by C3b inactivator, which may cause the 
release and recirculation of these IgM—C3b coated 
erythrocytes.14! Intravascular hemolysis may re- 
sult if the thermal amplitude of the cold agglutinin 
is broad. Both polymorphonuclear leukocytes?é 
and platelets®29 may also bind this cold agglutinin 
and undergo destruction. 

The clinical syndrome includes acrocyanosis, 
anemia, and jaundice. The age distribution is simi- 
lar for the idiopathic condition and those associ- 
ated with lymphoproliferative disorders (sixth to 
eighth decade).?9! Infection, by stimulating macro- 
phage function,?*4 may imbalance a “compen- 
sated” state and is often a trigger for a hemolytic 
episode. The direct antiglobulin test performed at 
37° Centigrade is generally positive for comple- 
ment and negative for immunoglobulin. Treatment 
is directed at the underlying lymphoproliferative 
disorder. The treatment of the idiopathic syn- 
drome consists of raising the ambient temperature, 
protection against cold, and vigorous treatment 
of infections. Splenectomy, steroids, and immuno- 
suppressive agents are generally not helpful, al- 
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though plasmapheresis, by removing IgM (pre- 
dominantly intravascular), may have some 
therapeutic benefit.318 

The spleen is an organ of particular interest 
to the physician treating lymphoproliferative dis- 
orders from the points of view of diagnosis, stag- 
ing, as well as pathologic states resulting in hyper- 
splenism. In the normal individual approximately 
20% of the total red cell mass and 30% of the 
platelet mass are concentrated in the spleen;!8 
whereas in an individual with an enlarged spleen 
nearly 50%-90% of the platelet mass may be se- 
questered in this organ.4® In cancer patients de- 
creased survival of red blood cells may be due 
to hypersplenism, despite the absence of clinically 
apparent splenomegaly.3?2 AJ] lymphoproliferative 
disorders may present with splenomegaly, but this 
is not an isolated phenomenan except in an unusual 
form of lymphoma, primary splenic lym- 
phoma.*®0-303 The incidence of splenomegaly at 
diagnosis in the various disorders varies consider- 
ably in different series and is probably a reflection 
of the different staging procedures used.122:212274 
Approximately 30% of nonpalpable spleens are 
involved with lymphoma when a surgically staged 
group of non-Hodgkin’s lymphoma patients is 
studied.**270 At autopsy the incidence of splenic 
involvement is approximately 40%,?”2 which rep- 
resents a composite of both treatment effects and 
progression of disease. Occasionally, splenomegaly 
may be seen without splenic involvement or with 
only minimal involvement. The latter may result 
in splenomegaly as a consequence of CSF produc- 
tion, with subsequent myeloid metaplasia.22°. 

The diagnosis of hypersplenism is based upon 
the presence of pan- or isolated cytopenia, and a 
cellular bone marrow in a patient with an enlarged 
spleen. If immunocytopenic states and bleeding 
can be ruled out, the diagnosis of hypersplenism 
is likely. The decision to perform a splenectomy 
is based in large measure on clinical judgment. 
Labeled red cell sequestration studies may be 
helpful.6 Bone marrow involvement which ap- 
pears to preclude normal hematopoiesis is not nec- 
essarily a contraindication of splenectomy.*279 

It is unusual for hypersplenism to be present 
at diagnosis of a lymphoproliferative disorder. 
Most often this complication is observed as a late 
manifestation of disease, generally in heavily pre- 
treated patients, in whom the enlarged spleen was 
resistant to conventional chemotherapy and ra- 
diotherapy. Hypersplenism is unusual in Hodg- 
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kin’s disease, mainly because of the application 
of splenectomy as part of staging laparotomies at 
diagnosis. In CLL an enlarged spleen is common 
but usually quite sensitive to chemotherapy, at 
least initially, and blood counts in this disorder 
improve rapidly once an alkylating agent—predni- 
sone combination is begun. For advanced CLL, 
splenectomy?’? as well as splenic irradiation*?®” 
may be useful as palliative measures. In prolym- 
phocytic leukemia, splenomegaly and resultant hy- 
persplenism are initial manifestations.*4 Recent re- 
sults of aggressive chemotherapy suggest this as 
the treatment of choice,?1* although splenectomy 
may be quite helpful in selected cases. Chemother- 
apy is usually effective in the non-Hodgkin’s lym- 
phomas, and splenectomy is done only as a pallia- 
tive measure late in the course of the disease. 
Splenomegaly is seen in almost 90% of patients 
with hairy cell leukemia at presentation.*® Splenec- 
tomy is the treatment of choice for severe pancy- 
topenia,*® although reports of effective chemother- 
apy may alter the therapeutic approach in the 
future.8?-!26 Splenic rupture is an unusual compli- 
cation of lymphoproliferative disorders,??2"4 but 
it must be diagnosed promptly and treated surgi- 
cally. 

Because the spleen is an integral part of the 
mononuclear—phagocyte system,*® as well as a 
source of antibody production,?-27 splenectomy re- 
sults in a number of changes in circulating blood 
cells as well as alterations in immune competence. 
Morphologic changes in the red blood cells are 
the most striking effect of splenectomy. Poikilocy- 
tosis, anisocytosis, nucleated red blood cells, re- 
ticulocytosis, target cells, fragmented cells, and 
Howell-Jolly bodies are present.?°+301 Leukocyto- 
sis and thrombocytosis accompany these eryth- 
rocyte alterations but are generally tran- 
sient.221-301,337 The thrombocytosis occasionally re- 
sults in thromboembolic disease,5? but rarely 
bleeding,'44 as in essential thrombocythemia or 
chronic myelogenous leukemia. Sternberg-Reed 
cells have occasionally been observed in the pe- 
ripheral blood of Hodgkin’s disease patients, 
whether splenectomized or not.*4 

The earliest report of infectious complications 
related to splenectomy was published in 1952.177 
Since that time a burgeoning literature has ap- 
peared that confirms this initial observa- 
tion,?6-199-300.331 particularly in the pediatric age 
group; in this age group an incidence of 5.4% 
mortality from sepsis has been reported, particu- 
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larly when an underlying disorder was present or 
chemotherapy was administered.2 Infectious 
complications are seen particularly in children un- 
der | year of age;® this may be related to the 
increase in upper respiratory tract infections ob- 
served in this age group and the absence of prior 
natural immunity. The infections encountered 
tend to be more overwhelming?*33! and cause a 
higher mortality rate®43 than in nonsplenecto- 
mized individuals. Recent studies demonstrate 
that even splenic irradiation may cause a signifi- 
cant decrease in splenic function.7® 

The risk of severe infection in lymphoma pa- 
tients having undergone a splenectomy ranges 
from 1.5% to 10%,843°7 with an overall mortality 
of 0.5%.%+ The risk appears to be greatest within 
1 year after splenectomy.'%2 Streptoccus pneu- 
moniae, Neisseria meninigitidis, Escherichia coli, 
and Hemophilus influenzae are the most common 
infecting organisms.? Disseminated intravascular 
coagulation is not uncommon in splenectomized 
patients with overwhelming sepsis;?¢ it is related 
to thromboplastin generation by endotoxin-ex- 
posed. leukocytes,?8? platelet activation by endo- 
toxin,?68 and the lack of clearance by the spleen 
of activated clotting factors.29° Antibody produc- 
tion is impaired in Hodgkin’s disease patients after 
therapy,”*? and patients undergoing splenectomy 
for staging should be vaccinated with pneumococ- 
cal vaccine prior to the procedure. It is important 
to remember that when the spleen is removed in 
the other lymphoproliferative disorders, the same 
problems as seen in Hodgkin’s disease patients may 
be present, and presurgical vaccination as well as 
rapid treatment of infection in these patients is 
important. Partial splenectomy has been proposed 
as an alternative staging procedure to prevent these 
complications,?°* however, the possibility of inade- 
quate pathologic staging must be considered if this 
is undertaken. 


Neutrophil Disorders 


Normal neutrophil numbers and function are re- 
quired for optimal infection fighting capability. 
Neutropenia is an unusual observation at initial 
diagnosis in the lymphoproliferative disorders. 
One exception to this is hairy cell leukemia (leu- 
kemic reticuloendotheliosis): leukopenia (predom- 
inantly neutropenia) has been observed in 41%— 
57% of patients.3554-126 In CLL, although the rela- 
tive percentage of neutrophils is decreased, the 
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absolute number is generally above 101. Cyclic 
neutropenia has been reported in patients with 
lymphoproliferative disorders independent of 
chemotherapy.?3*?85 Neutropenia, however, is 
commonly observed after chemotherapy and is of- 
ten the limiting factor in the administration of 
these agents. Because of the short life span of the 
mature neutrophil, neutropenia secondary to treat- 
ment is more marked than the decrease in red 
blood cells (due to the long survival of the mature 
erythrocyte). 

Because cell-cycle-specific and cell-cycle-non- 
specific agents are administered, the kinetic altera- 
tions in neutrophil productions are complex. Ni- 
trosoureas may cause prolonged and even biphasic 
marrow toxicity, with nadir counts occurring after 
i month. This is observed after BCNU,3*° an agent 
that affects both cycling and noncycling cells and 
is active in both Hodgkin’s and non-Hodgkin’s 
lymphomas. Patients receiving long-term alkylat- 
ing agent therapy have been shown to have de- 
creased marrow reserve.7>-130 The stem cell popula- 
tion as well as the microenvironment of the 
marrow is damaged after chemotherapy?8 as well 
as radiotherapy. The latter alters neutrophil pro- 
duction; recovery depends on the extent of the 
marrow irradiated and the total dosage 
received. 180-182.312 An unusual cyclical oscillation 
of neutrophils after 3 years of chemotherapy was 
observed in a patient with multiple myeloma.®9 
Autoimmune neutropenia has been reported in a 
case of T-cell lymphoma.!*! In addition to che- 
motherapy and radiotherapy, a number of drugs 
used commonly in the treatment of lymphoma pa- 
tients have been associated with agranulocytosis 
(Table 10-4). These agents are unpredictable in 
their efforts and may cause either abrupt-onset 
or delayed-onset neutropenia. The latter agents 
(i.e., phenothiazines) generally cause marrow sup- 
pression, whereas antimicrobials are responsible 
for an antibody-mediated agranulocytosis. Neu- 
tropenia not directly related to chemotherapy, ra- 
diotherapy or hypersplenism (rare) must be con- 
sidered drug induced, and a careful medication 
review should be undertaken and any drug re- 
ported to induce neutropenia should be discontin- 
ued. 

Qualitative abnormalities of neutrophil function 
have been observed, related both to the therapy 
and the underlying disease.*8 Neutrophils demon- 
strate inhibition of phagocytosis after irradia- 
tion.2% Folic acid antagonists,51254 purine,?54 and 
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TABLE 10-4 Drugs Associated with Neutropenia 
and Thrombocytopenia 


Anti-inflammatory Agents 
Acetylsalicylic acid (A)@ 
Ibuprofen (Motrin) (A) 
Indomethacin (Indocin) (A) 
Phenylbutazone (Butazolidin) (A) (T)® 
Tolmetin (Tolectin) (A) 


Antimicrobials 
Amoxicillin (A) (T) 
Cefazolin (Ancef) (A) (T) 
Cephalothin (Keflin) (A) (T) 
Cephradine (Velosef) (A) 
Chloramphenicol (A) (T) 
Erythromycin (T) 
Isoniazid (A) (T) 
Metranidazole (Flagyl) (A) 
Oxacillin/Methicillin (A) 
Penicillin (T) 
Pentamidine (T) 
Tetracycline (T) 
Vancomycin (A) 
Vidarabine (A) (T) 


Miscellaneous Agents 
Chlorthiazide (Diuril) (T) 
Cimetidine (Tagamet) (A) (T) 
Diazepam (Valium) (T) 
Diphenylhydantoin sodim (Dilantin) (A) (T) 
Heparin (T) 
Phenothiazines (Thorazine, Compazine) (A) (T) 
Sulfisoxazole (Gantrisin) (A) (T) 
Tolbutamide (Orinase) (T) 
Trimethoprim-sulfamethoxazole (Bactrim) (A) 


@ (A): implicated in Agranulocytosis. 
>(T): implicated in thrombocytopenia. 


pyrimidine analogues®! inhibit the microbicidal 
killing capacity of neutrophils. Resting and stimu- 
lated neutrophil hexose monophosphate shunt ac- 
tivity, required for the detoxification of hydrogen 
peroxide and regeneration of reduced pyrimidine 
nucleotides, is decreased by cyclophosphamide,?"4 
as is in vitro candidacidal activity.8! The latter 
is also inhibited by cytosine arabinoside, metho- 
trexate, daunorubicin, doxorubicin, and actino- 
mycin D.8! Both vinblastine and vincristine inhibit 
resting and stimulated hexose monophosphate 
shunt activity.?54 In addition, they interfere with 
the microtubular structure of leukocytes.21> Vin- 
blastine precipitates the filament bundles of tubulin 
in neutrophils.!4 

Glucocorticoids are commonly used in the lym- 
phoproliferative disorders and influence hemato- 
poietic cells, particularly leukocytes, in numerous 
ways. These compounds cause a neutrophilic leu-- 
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kocytosis,7%*3 eosinopenia,®? lymphocytopenia, '? 
and monocytopenia.!°? The neutrophilic leukocy- 
tosis results from decreased intravascular efflux 
and marrow release.!®?5 Dexamethasone may dif- 
fer from prednisone by enhancing local leukocyte 
migration.2>? These agents affect neutrophil func- 
tion by decreasing hexose monophosphate shunt 
activity,?16254 decreasing the bactericidal activity 
against E. coli, 716.254 and inhibiting neutrophil che- 
motaxis,?%252 granulocyte adherence,?44 and 
phagocytosis.128 They suppress nitroblue tetrazo- 
lium reduction,®! presumably by inhibition of 
NADH oxidase. The monocyte—-macrophage sys- 
tem is inhibited through decreased monocyte- 
macrophage clearance** as well as decreased bac- 
tericidal and fungicidal activity of macrophages 
as demonstrated in vitro.?7! The net result of these 
diverse effects is increase the susceptibility to infec- 
tious complications of patients receiving cortico- 
steroids. The intermittent nature of glucocorticoid 
administration allows the reconstitution of neutro- 
phil function during treatment-free periods. How- 
ever, the cytotoxic effects of chemotherapy result- 
ing in neutropenia allows little time for patients 
to completely reconstitute leukocyte number and 
function for adequate infection-fighting capability. 


Hematologic and Antibiotic Support 


Frequent blood transfusions are rarely needed dur- 
ing chemotherapy in the absence of infection or 
bleeding. They are used most often in the treat- 
ment of patients with hematopoietic or solid tu- 
mors receiving combined chemotherapy and ra- 
diotherapy, during which the ability of the 
compromised marrow to respond to stress is de- 
creased for prolonged periods of time. Patients 
tolerate hemoglobin levels greater than 8 g/dl rea- 
sonably well, and in the absence of cardiovascular 
or severe pulmonary disease a conservative ap- 
proach to blood transfusions should be taken. If 
necessary, only packed red blood cells should be 
given. Hepatitis may result from multiple blood 
transfusions. Rarely, bone marrow aplasia ensues 
after such an infection!5*292 and is nearly always 
fatal. 

Animal studies’®°8 and several human stud- 
jes? 14,146,149,284 have demonstrated the utility of 
granulocyte transfusions in improving survival and 
response to infection in the granulocytopenic host. 
At the present time this product should only be 
used when the neutropenic state (less than 
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500 < 10°/1) is expected to last for longer than 
3-4 days and the patient has a documented infec- 
tion not responding within the first 24-48 hours 
to broad-spectrum antibiotic coverage. Although 
several studies have appeared to demonstrate some 
benefit from prophylactic granulocytes,®*!! the 
indications for this are still unclear. The use of 
random granulocyte transfusions is to be discour- 
aged, and the best HLA-matched granulocytes 
should be used, since the response to infection ap- 
pears to be less than optimal in previously sensi- 
tized animals.33? Granulocytes in adequate quanti- 
ties can now be harvested by a number of 
instruments and techniques®*1!27.150 available in 
most medical centers. Platelet support is discussed 
below. 

Glucocorticosteroids,?4* androgens,17* growth 
hormone,!*4 and lithium???3% have been reported 
to enhance hematopoiesis in various culture sys- 
tems and occasionally in vivo. Pharmacologic stim- 
ulation of bone marrow function in hypoplastic 
states induced by chemotherapy may become pos- 
sible once the complex interaction between these 
agents and stem cell production, maturation, and 
cell release is clarified. The treatment of qualitative 
disorders induced by antineoplastic drugs is diffi- 
cult in view of the necessity to continue their ad- 
ministration to treat both the malignancy and 
complications. Replacements of individual blood 
products is necessary, and even these may not 
function effectively until the tumor and its compli- 
cations are controlled and therapy is withdrawn. 

The quantitative and qualitative defects induced 
in lymphoid tissue and the monocyte-macrophage 
system by chemotherapeutic agents? severely im- 
pair the defense against infection. The recovery 
of immune competence depends upon the duration 
of administration of chemotherapy agents and con- 
trol of the underlying disease; it should be remem- 
bered, however, that a depressed immune response 
is not uncommon in patients with malignancy, in- 
dependent of treatment. Defects in immune func- 
tion may be seen long after therapy is stopped.%4 

Antimicrobial prophylaxis utilizing trimetha- 
prim-sulfamethoxazole®’ to prevent both bacterial 
and Pneumocystis carinii infections!’ is of benefit. 
Patients respond to vaccination against viruses by 
antibody production, although with a higher fail- 
ure rate in eliciting “‘protective” antibody titers.286 
It is important to keep in mind that almost any 
organism whether considered a classic pathogen 
or not, may be responsible, for infection in the 
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immunosuppressed host, and broad-spectrum anti- 
biotics, antifungal agents, and antiprotozoic agents 
may have to be instituted, often concurrently. 


Hemostatic Abnormalities 


Normal hemostasis depends upon a complex bal- 
ance between blood vessel integrity, platelet func- 
tion, and blood clotting factor interactions. In pa- 
tients with lymphoma each of these aspects may 
become abnormal, with resultant hemorrhage or 
thrombosis, depending upon whether the balance 
of elements is inhibited or stimulated (Table 10- 
5). 


Blood Vessel Wall Abnormalities 


It is obvious that normal anatomic continuity must 
be maintained in order for blood to remain within 


TABLE 10-5 Disorders of Hemostasis in Patients with 
Lymphomas 


I. Blood vessel wall abnormalities 
A. Endothelial injury Gmmune complexes, in- 
fection) 
B. Amyloid deposition 


II. Platelet abnormalities 
A. Thrombocytopenia 
1. Decreased production 
Treatment related 
b. Nutrient deficiency 
c. Myelopthisis 
d. Drug induced 
e. Infections 
2. Peripheral destruction 
a 
b 
c. 
d 


» 


Immune mediated 
Infection related 
Hypersplenism 
Intravascular coagulation syn- 
dromes 

B. Thrombocytopathy 

. Drug induced 

Lymphoma related 

Antibody mediated 

Uremia 

Fibrin split products 


Preys 


III. Coagulation abnormalities 

A. Liver disease related 

B. Coagulation factor antibodies/inhibitors 

C. Intravascular coagulation syndromes 
1. Disseminated intravascular coagulation 
2. Deep-vein thrombosis and pulmonary 

embolus 

3. Central nervous syStem thrombosis 


the vascular space. Although reflex vasoconstric- 
tion occurs, it is unlikely to represent a significant 
hemostatic response, at least in humans.!4? The 
secretory function of endothelial cells results in 
products that play a significant role in the promo- 
tion of platelet adhesion,!®? inhibition of platelet 
aggregation (prostacyclin secretion)?** and throm- 
bus dissolution through plasminogen activator re- 
lease and subsequent fibrinolysis.3!9 The laboratory 
diagnosis of a vascular purpura is based upon a 
prolonged bleeding time in a patient with a normal 
number of platelets and normal platelet functions 
in vitro. 

Purpuric lesions caused by vascular disorders 
are uncommon when compared to those caused 
by thrombocytopenia. Kaposi’s sarcoma, now seen 
with increasing frequency among the homosexual 
population,®© represents a neoplasm of vascular 
tissue?33 and is not strictly a lymphoproliferative 
disorder or purpura, but must be considered in 
the differential diagnosis of lymphadenopathy in 
young males because of the ability of this tumor 
to proliferate within nodal sites. Immune com- 
plexes,179 as well as viral*? or bacterial??? infec- 
tions, may result in vascular injury. Infectious pur- 
puras are partly mediated through endothelial 
injury induced by endotoxin.223 These forms of 
purpura are rarely observed unless associated with 
thrombocytopenia or disseminated intravascular 
coagulation. Corticosteroid administration over 
prolonged periods results in easy bruisability, 
thought to be a result of alterations of dermal— 
vascular support and decreased platelet 
adhesion.®> Short-term administration of steroids 
may improve vascular integrity—an observation 
thus far demonstrated only in vitro21° or in vivo 
in animal models.19! “Purpura cachexia” is ob- 
served in states of negative nitrogen balance and 
is thought to result from a decreased production 
of the supporting tissue matrix surrounding the 
endothelial cells. 

Plasma cell dyscrasias are often associated with 
purpura. Amyloid deposits may infiltrate within 
vascular walls, causing enhanced fragility!® and 
subsequent hemorrhage. In both Waldenstrém’s 
macroglobulinemia and multiple myeloma, pur- 
pura is common.?4925° Although the chronic ad- 
ministration of corticosteroids and sludging of 
blood with subsequent hypoxia and tissue injury 
are partly responsible for vascular fragility, throm- 
bocytopenia secondary to disease and therapy, an 
acquired thrombocytopathy,?°° and circulating 
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anticoagulants™° are more commonly implicated. 
Types I and II cryoglobulinemia associated with 
lymphoproliferative disorders*?13 frequently pre- 
sents with lower extremity purpura.**!53 The treat- 
ment of a vascular purpura depends upon its etiol- 
ogy. Immune-complex purpura and purpuras 
associated with dysproteinemias are treated with 
plasmapheresis, immunosuppressive agents, and 
antineoplastic combination chemotherapy. Infec- 
tious purpuras resolve with appropriate antimicro- 
bial therapy. Amyloid deposition is a particularly 
difficult problem to treat. Reports of the efficacy 
of dimethylsulfoxide?4* need to be confirmed. 


Platelet Abnormalities 


Platelets play a central role in normal hemostasis 
by adhering to areas of vascular injury, aggregat- 
ing to close minute breaches in the vascular en- 
dothelium, and functioning as a solid-state system 
on which the coagulation factors interact to form 
a fibrin mesh. Both decreased platelets and poorly 
functioning platelets may cause severe hemostatic 
abnormalities. 

Thrombocytopenia is one of the most common 
abnormalities observed in patients with lympho- 
proliferative disorders. Decreased production is 
most often related to chemotherapy or radiother- 
apy and is commonly the limiting factor, along 
with neutropenia, in the administration of these 
modalities of therapy. In addition to this direct 
effect by inhibition of megakaryocyte production, 
ineffective thrombocytopoiesis may be present in 
megaloblastic anemias!+°—disorders in which 
platelet function may be abnormal as well.?°° Iron 
appears to have a regulatory role in throm- 
bopoiesis.172 Thrombocytosis,28° thrombocytope- 
nia,2°7 and normal platelet counts®° have been re- 
ported in clinical and experimental iron defi- 
ciency. Lymphomatous involvement of the mar- 
row may impair thrombopoiesis, resulting in 
thrombocytopenia.'4° Corticosteroids have been 
implicated in a selective depression of thrombo- 
poiesis,”° possibly as a direct result of their cata- 
bolic properties. A number of drugs, apart from 
chemotherapy agents, used in patients with lym- 
phoproliferative disorders have been associated 
with neutropenia and thrombocytopenia (Table 
10-4). Infections, particularly those of a viral na- 
ture, may inhibit thrombopoiesis through damage 
to megakaryocytes. Morphologic abnormalities in 
megakaryocytes, accompanied by thrombocyope- 
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nia, have been observed in cytomegalovirus inclu- 
sion disease,57-107-141.243 varicella zoster,9® and 
rubella.245 A particularly severe form of marrow 
hypoplasia—aplasia may occur following hepatitis 
B infection.136 

Peripheral destruction of platelets is an impor- 
tant cause of thrombocytopenia in patients with 
lymphoma. This may be due to an immune-medi- 
ated reaction (either drug induced or “idiopath- 
ic”), a direct effect of infectious agents on platelets 
with subsequent activation and increased clear- 
ance, hypersplenism, or intravascular coagulation 
syndromes. Immune-mediated thrombocytope- 
nia is not uncommon in patients with lympho- 
proliferative disorders.29 This has been de- 
scribed in CLL,305190.167.170 Hodgkin’s  dis- 
ease, 69: 142,167,169, 170,280,281,327 and other non-Hodg- 
kin’s lymphomas.?%-167179 The pathophysiology of 
platelet destruction is similar to that of red blood 
cell destruction in autoimmune hemolytic anemia, 
with binding of the IgG antibody to the platelet 
associated antigen and subsequent macrophage 
clearance.?!3 Immune thrombocytopenia may her- 
ald the appearance of the lymphoma, occur simul- 
taneously with the diagnosis, be a harbinger of 
relapse, or present after apparent cure of the dis- 
ease. Drug-induced immune thrombocytopenia 
must be considered in any patient with unex- 
plained thrombocytopenia receiving medications. 
Drugs proven to have caused immune mediated 
destruction include hydrochlorthiazide,® diphe- 
nylhydantoin,® diazepam, and sulfisoxazole.® A 
severe form of infection-related immune thrombo- 
cytopenia has been described in Epstein-Barr virus 
infection.®® Clinically, these disorders (both “1i- 
diopathic” and drug induced) present with throm- 
bocytopenia, a marrow containing normal to in- 
creased numbers of megakaryocytes, and absence 
of splenomegaly or abnormal coagulation studies. 

The treatment of autoimmune thrombocytope- 
nia depends upon the clinical status of the patient. 
If no lymphoma is present at the time of the throm- 
bocytopenia, corticosteroids are considered the 
mainstay of treatment. Prednisone is administered 
at a dosage of 1 mg/kg/day until a maximum 
platelet count is achieved and then is tapered 
slowly.213 A splenectomy is indicated if there is 
no response to steroids, if tapering results in a 
relapse, if complications secondary to corticoste- 
roids become unmanageable, or if borderline 
splenomegaly is present, suggesting the possibility 
of recurrent lymphoma. Cytotoxic agents may 
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have to be used; these include vinca alkaloids®?18 
and bleomycin.”*3 In the presence of active lym- 
phoma, the occurrence of thrombocytopenia must 
be placed in the perspective of the total clinical 
picture. In this setting, treatment of the underlying 
lymphoma is most appropriate; this is generally 
successful in reversing the thrombocytopenia, 
since most lymphoma regimens contain a cortico- 
steroid and a cytotoxic agent. Heparin-associated 
thrombocytopenia, due to an antigen-antibody 
reaction?2!_ or complement-mediated platelet in- 
jury,** has been reported and may be related to 
the type of heparin administered, particularly the 
bovine lung preparation.22 Once a drug-induced 
thrombocytopenia is suspected, the administration 
of the agent must be discontinued. 

The etiology of infection-related thrombocy- 
topenia is complex.?42 Bone marrow suppression, 
as noted above, is only a partial explanation. Im- 
mune destruction may occur through antigen—an- 
tibody complexes causing platelet aggregation.?9? 
Viral infections induce changes in platelet surface 
membranes and increase splenic clearance with 
subsequent thrombocytopenia,?%? as well as di- 
rectly cause platelet aggregation.?°? Bacterial infec- 
tions result in platelet destruction through injury 
to vascular endothelium??? and subsequent adhe- 
sion, endotoxin damage to endothelial cells and 
platelets,1°¢ direct bacterial—platelet interactions, ® 
macrophage clearance of antibody-—platelet com- 
plexes,!75 and intravascular coagulation.!? 

Splenic sequestration is an important cause of 
thrombocytopenia (see above). It has been esti- 
mated that almost 90% of the total circulating 
platelet mass may be sequestered in an enlarged 
spleen.18 In view of the frequent occurrence of 
splenomegaly in the lymphoproliferative disorders, 
it is not surprising that discussions as to the thera- 
peutic benefit of splenectomy are quite common. 
As noted above, hairy cell leukemia and primary 
splenic lymphoma are the only clinical situations 
in which splenectomy is the primary treatment 
of choice. In most other lymphoproliferative disor- 
ders, chemotherapy is successful in decreasing 
splenic size. It is generally in those patients with 
persistant splenomegaly who have become resis- 
tant to therapy that platelet sequestration becomes 
a clinical problem. In CLL, splenomegaly may 
be resistant to chemotherapy and splenectomy may 
be successful in improving hematologic parameters 
significantly, even in patients considered far ad- 
vanced by staging criteria.279 Although radionu- 
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clide studies can successfully predict that platelet 
sequestration is significant, thrombokinetic studies 
are not readily available to predict “normal” mar- 
row responses, and therefore a splenectomy, even 
in the face of apparently increased sequestration, 
does not always result in a “normalization” of 
platelet count. Splenic irradiation has been used 
in these disorders*?-®? with occasional success and 
must be considered if surgical intervention is con- 
traindicated. Occasionally, elevated platelet counts 
have been observed in malignancy?!% and may 
be partly responsible for the increased incidence 
of thromboembolism (see below). This is rare in 
lymphoproliferative disorders in the nonsplenec- 
tomized individual.172 

In addition to a normal number of platelets, 
their proper function is important. There are a 
number of qualitative disorders of platelet function 
(thrombocytopathy) in patients with lymphopro- 
liferative diseases (Table 10-5), and although 
bleeding is more commonly associated with throm- 
bocytopenia, these abnormalities must be taken 
into consideration when one is evaluating a patient 
because of bleeding. Aspirin and aspirin-contain- 
ing compounds are the most common agents in- 
ducing a thrombocytopathy.!°°276 Other drugs 
that are used in this patient population and have 
been shown to inhibit platelet function include in- 
domethacin,?®* carbenicillin,* ticarcillin,4* other 
penicillin compounds,*5 and various phenothia- 
zines.163 A number of chemotherapeutic agents 
have been reported to affect platelet function in 
vitro and occasionally in vivo; these include mel- 
phalan,'78 cyclophosphamide,!4* actinomycin 
D,148 vincristine,?°® and daunorubicin.257 Mithra- 
mycin causes a prolonged bleeding time, decreased 
platelet aggregation induced by adenosine di- 
phosphate, collagen, and ephinephrine, and de- 
creased platelet adenosine diphosphate.’ 

Complications secondary to the presence of 
lymphomas may result in abnormalities of platelet 
function significant enough to cause bleeding. 
Platelet function is intrinsically abnormal in a 
number of myeloproliferative states."8 In hairy 
cell leukemia a platelet abnormality has been de- 
fined with subsequent improvement after splenec- 
tomy reported. The latter finding suggests that 
there is not an intrinsic platelet abnormality (as 
in the myeloproliferative syndromes), but a non- 
specific effect of diseased splenic tissue. There is 
no evidence at this time that platelet abnormalities 
result from the hypersplenic state. Paraproteins 
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may interfere both with platelet function?>° and 
coagulation (see below). The treatment of the un- 
derlying dysproteinemic state is adequate. Occa- 
sionally plasmapheresis may be necessary”** to 
control these abnormalities. 

Von Willebrand’s factor is essential for normal 
platelet function. Several case reports have ap- 
peared describing antibodies against this factor and 
subsequent decreased platelet function in patients 
with lymphoproliferative diseases.16©?14.339 Uremia 
may result from a rapidly progressive, obstructing 
abdominal lymphoma; or because of an intrinsic 
kidney abnormality, as in myeloma. Platelet func- 
tion is significantly impaired in the uremic state, 
and a number of abnormalities have been 
described.26* The hemostatic defect is corrected 
by destroying the obstructing tumor mass if possi- 
ble, by  dialysis,268 or, with the use of 
cyryoprecipitate.!®4 Fibrin and fibrinogen degrada- 
tion products, formed during intravascular throm- 
bosis, may not be cleared adequately if liver disease 
is present?® or a significant degree of monocyte- 
macrophage function is absent (i.e., splenec- 
tomy).2% These products interfere in both platelet 
function!® and coagulation (see below). Correc- 
tion of these abnormalities depends upon both the 
prevention and treatment of thromboembolic dis- 
ease. 


Coagulation Abnormalities 


In normal hemostasis, a series of plasma proteins 
interacts in such a fashion as to result in a fibrin 
mesh and subsequent closure of vascular injury. 
Because of the complex interaction of these pro- 
teins with vascular endothelium, circulating non- 
clottable proteins, and circulating hematopoietic 
cells, both benign and malignant, it is not surpris- 
ing that abnormalities and subsequent hemorrhage 
and/or thrombosis are frequent in patients with 
lymphoma. The contact activation system (the in- 
trinsic pathway) depends upon the activation of 
factor XII in the presence of factor XI, plasma 
prekallikrein, and high molecular weight 
kininogen.?24.299 Once this initial step occurs, fur- 
ther coagulation factors interact, and fibrin is even- 
tually generated through a common pathway in- 
volving factors X and V, prothrombin, and 
fibrinogen. Congenital factor deficiencies of this 
pathway are common, particularly factor XI defi- 
ciency and von Willebrand’s disease, and must be 
considered in the differential diagnosis of abnormal 
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coagulation studies in lymphoma patients. Tissue 
thromboplastin interacts with factor VII (extrinsic 
pathway), and subsequently the common pathway 
is activated and fibrin formation results. Both 
pathways may be abnormal in lymphoma patients 
secondary to acquired abnormalities. 

Because most coagulation factors are produced 
in the liver, abnormalities of liver function (in- 
duced either by a drug or by tumor invasion) will 
result in both quantitative and qualitative abnor- 
malities. Vitamin K is a necessary cofactory in 
the biosynthetic pathway of factors H, VII, XI, 
and X in the liver. With the exception of biliary 
obstruction and other malabsorption syndromes, 
deficiencies of vitamin K result from a combina- 
tion of deficient intake and gut sterilization by 
chronic antibiotic administration.'’ Just such a sit- 
uation may arise in hospitalized patients undergo- 
ing intensive therapy. In the presence of liver dis- 
ease, the biosynthesis of non—vitamin K dependent 
coagulation factors is impaired.?6? Liver disease 
may also cause the production of abnormal clot- 
ting factors,!%5?!4 as well as a vitamin K—depen- 
dent decarboxylation deficiency.?” In addition to 
deficient and abnormal synthesis, other abnormali- 
ties induced by liver disease, particularly cirrhosis, 
include defective clearance of activated clotting 
and fibrinolytic enzymes and fibrin split prod- 
ucts,?67.296 accelerated breakdown of fibrinogen— 
fibrin,!°8 defective polymerization of fibrin,!® dis- 
seminated intravascular coagulation,® and hyper- 
splenism. 

Although antibodies directed specifically 
against each coagulation factor have been de- 
scribed, they are most often seen in patients with 
congenital deficiencies and only rarely in patients 
with lymphoma. Antibodies to factor VIII are the 
most commonly encountered as fluid-phase anti- 
coagulants, occasionally related to penicillin 
administration. A paraprotein has been de- 
scribed as having specific anticoagulant activity 
against factor VIII.121 A patient with Walden- 
str6m’s macroglobulinemia immunoabsorbed fac- 
tor VIII onto lymphoma cells; the latter disappear- 
ing after splenectomy.*! Occasional patients taking 
chlorpromazine’”° or diphenylhydantoin?®®> have 
developed such an antibody. An acquired von 
Willebrands’ disease due to an antibody has 
been described in several patients with 
lymphoma;'*6-217.330 the antibody is directed 
against the antigenic determinant on the factor 
VIII molecule. Treatment of the underlying lym- 
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phoma resulted in the disappearance of the anti- 
body. An inhibitor, described in systemic lupus 
erythematosis and recognized as either an IgG or 
IgM, has been observed in a number of conditions, 
including lymphomas.37?87317 The anticoagulant 
is directed against the enzyme complex of “pro- 
thrombinase” (Xa-V-phospholipid), inhibiting the 
conversion of prothrombin to thrombin in the 
common pathway.*° Although relatively com- 
monly encountered during the laboratory evalua- 
tion of patients with malignancy, clinically signifi- 
cant bleeding is rare?®? and thromboembolic 
phenomena have been described.”2° A paraprotein 
with this specificity has been reported.3!7 An IgA 
paraprotein demonstrating antithrombin activity 
has also been described. Both primary and sec- 
ondary amyloidosis may be associated with de- 
creased levels of factor X.24116.157.184,248 The patho- 
physiology of this deficiency appears to be an 
adsorption of factor X on amyloid material.**> This 
hemostatic abnormality in amyloidosis is com- 
pounded by associated factor deficiencies,” accel- 
erated fibrinolysis,”51 intravascular coagulation,?©? 
decreased vascular integrity, and platelet dys- 
function subsequent to uremia.263 Amyloid deposi- 
tion in the kidney may result in the nephrotic syn- 
drome. Both albumin and numerous coagulation 
factors (including antithrombin!) may be lost.155 
The loss of antithrombin may result in a hyper- 
coagulable state and subsequent thrombosis.1® 
Several reports of coagulation abnormalities in 
lymphoma patients have been published and a va- 
riety of abnormalities, particularly those related 
to the fibrinolytic enzyme system, have been 
described. 118,119,220,240 

Fibrin deposition within the vascular space re- 
sults in a spectrum of disorders, collectively known 
as “hypercoagulable states.” These include dis- 
seminated intravascular coagulation, deep vein 
thrombosis, pulmonary emboli, sagittal sinus 
thrombosis, and possibly nonbacterial thrombotic 
endocarditis. Normally, circulating plasma pro- 
teins (antithrombin ITI, a-macroglobulin) inhibit 
this deposition, and the fibrinolytic enzyme system 
as well as the leukofibrinolytic capacity of neutro- 
phils and macrophages dissolve intravascular 
thrombi and permit the resumption of normal 
blood flow. Hypercoagulability results either when 
these control mechanisms are absent (e.g., de- 
creased levels of protein C in intravascular 
coagulation! or antithrombin III in the nephrotic 
syndrome of amyloidosis!9°) or when the amount 
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of fibrin formed is so great as to overwhelm the 
normal protective mechanisms (e.g., a tumor lysis 
syndrome). Depending upon the degree of deposi- 
tion and certain anatomic considerations, a variety 
of syndromes may occur. 

Disseminated intravascular coagulation (DIC) 
is the most generalized syndrome. Fibrin is depos- 
ited throughout the vasculature of the body with 
subsequent utilization and depletion of coagulation 
factors and platelets. This results in bleeding, and 
a paradoxical state in which hemorrhage and 
thromboses are occurring simultaneously. Both 
the intrinsic and extrinsic coagulation pathways 
may be stimulated to produce thrombin through 
the common pathway (X — Xa), the former 
through the activation of Hageman factor during 
sepsis!® and the latter by release of procoagulant 
material from neoplastic tissues. Thrombin is sub- 
sequently responsible for fibrin generation from 
fibrinogen. The release of thromboplastic material 
from lymphoma cells after therapy of a lympho- 
blastic lymphoma is illustrated in Figure 10-2. 
Fulminant DIC resulted, which was treated with 
heparin, clotting factors (plasma), and platelets; 
it subsided once maximum tumor cell kill oc- 
curred. DIC is unusual in those lymphoprolifera- 
tive disorders in which cell proliferation is minimal 
(CLL, nodular lymphoma, multiple myeloma, and 
Waldenstrém’s macroglobulinemia), but is possi- 
ble in other disorders in which the cells may be 
exquisitely sensitive to therapy and rapid cell lysis 
results (lymphoblastic lymphoma, acute lympho- 
blastic leukemia, diffuse lymphomas). 

Septicemia, a common problem in lymphopro- 
liferative disorders, is a major cause of abnormali- 
ties of blood coagulation and DIC in all series 
published.}?-76.298 A particularly severe form may 
be observed in the setting of pneumococcal sepsis 
in splenectomized patients,?6 secondary to a defect 
in adequate clearance of both the organisms and 
activated clotting factors. Endotoxin has numer- 
ous effects upon the hemostatic mechanism, in- 
cluding activation of Hageman factor,?!® release 
of tissue thromboplastin from leukocytes?37:238 and 
monocytes?*4 and subsequent activation of the 
common pathway, and endothelial injury,??3 re- 
sulting in platelet adhesion, aggregation, and intra- 
vascular thrombosis. Endotoxin has weak platelet 
aggregant activity against human platelets. 156268 
Gram-positive organisms that lack endotoxin may 
trigger DIC by tissue injury and activation of the 
contact-activation system (factor XII).324 Immune 
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complexes are capable of activating factor XII?9 
as well as causing platelet aggregation; if present, 
they may be considered a contributing factor to 
thrombosis in patients with lymphoproliferative 
disorders. : 

The treatment of DIC depends both on the de- 
gree of activation of the coagulation mechanism 
and the etiology. Although more commonly seen 
in carcinomas, subclinical DIC may occur in pa- 
tients treated for lymphoproliferative disorders. 
Treatment is directed towards the underlying dis- 
order. However, in fulminant DIC, seen after 
treatment of a rapidly proliferating lymphoma, 
heparin therapy may be lifesaving. Obviously, if 
infection is present this must be treated as well. 
Pneumococcal sepsis in the splenectomized indi- 
vidual often demands intensive care with cardio- 
vascular monitoring, antibiotic therapy, and 
plasma and platelet replacement as well as short- 
term heparin therapy. This problem is less frequent 
with the institution of presplenectomy pneumococ- 
cal immunization and postsplenectomy antibiotic 
prophylaxis. 

Deep-vein thrombosis and pulmonary emboli1?6 
are Significant problems in patients with cancer 
and result in additional morbidity. In patients with 
lymphoma, the cause of deep-vein thrombosis is 
most frequently venous obstruction from enlarged 
inguinal and retroperitoneal lymph nodes. The in- 
cidence of this complication is not known, but it 
is a frequent clinical observation. Heparin therapy 


and treatment of the local obstruction with ra- 
diotherapy are necessary since either alone may 
not result in a satisfactory clot resolution. Subcuta- 
neous heparin may prevent such complications in 
the bed-ridden patient.11* Sagittal sinus thrombosis 
is being recognized as a complication of induction 
therapy in acute lymphoblastic leukemia.*” Al- 
though seen in the absence of the administration 
of L-asparaginase, this agent is frequently associ- 
ated with this complication. The mechanism of 
this hypercoagulable state is thought to be a 
decrease in antithrombin III induced by 
L-asparaginase.?© Other coagulation abnormali- 
ties induced by this agent include hypofibrinoge- 
mia and decreased factor VIII.2® It is unclear why 
the cerebral vessels are particularly susceptible if 
this general mechanism of protection against 
thrombosis is absent. Retinal vein thrombosis was 
described in a patient with multiple myeloma and 
a cryoglobulin.3*5 Nonbacterial thrombotic endo- 
carditis is present in a significant percentage of 
cancer patients, mainly in the terminal state, but 
it is difficult to diagnose except at autopsy. Its 
incidence in patients with lymphoma is not known. 
The diagnosis is based upon the clinical presenta- 
tion of multiple neurologic signs and symptoms, 
the presence of thrombi in the cerebral circulation, 
and premortem demonstration of valvular vegeta- 
tions containing fibrin and platelet thrombi. Al- 
though this problem has significant importance 
in the differential diagnosis of neurologic 
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syndromes” in cancer patients, the poor prognosis 
of patients with this entity generally mitigates 


against aggressive treatment approaches. 
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CHAPTER 11 


Cell Kinetics and the Classification 
of Lymphocytic Lymphomas 


Herbert Hansen 


The wide spectrum of neoplasms of the lymphatic 
system mirrors the functional heterogeneity of its 
cellular elements. As discussed in other chapters 
in this volume, patients with disseminated forms 
of these diseases may live with them for many 
years under only partial control (as in the case 
of nodular lymphomas) or may succumb within 
a period of months, even with the best available 
treatments (as in Burkitt’s lymphoma). 

There are many possible explanations for these 
variations in natural history and response to ther- 
apy. Among those features proven in the past to 
influence survival in large groups of patients are 
the quantity of neoplastic cells in the host at the 
time of diagnosis (tumor cell burden),!**6 location 
of disease in various body compartments (extent 
of disease),183°37, histopathologic appearance of 
involved tissues and cytologic appearance of neo- 
plastic cells,19°744, and host factors (e.g., age, pre- 
vious treatment).9°.54 

Recently, additional biologic features of the 
neoplastic cells have come under study and prom- 
ise to give new and important powers to the physi- 
cian in the prognostication of the diseases and the 
design of more specific therapies. One area of study 
is the proliferation and differentiation of neoplastic 
cells, comparing these features with those of nor- 
mal cells both in the ontogeny of the lymphatic 
system and during the development of cellular im- 
mune responses.*562 Another is the development 
of improved methods for the growth and study 
of neoplastic cells in vitro. 3246 Still other research 
has resulted in newer concepts of cellular “resis- 
tance” to the cytotoxic effects of antineoplastic 
agents and a more detailed understanding of the 
patterns of overall cellular proliferation in many 
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types of lymphatic neoplasms.®2228,45.49.56 The 
present chapter will address primarily the latter 
research and attempt to show how it can be applied 
to the classification and therapy of some of these 
disorders. 


Cell Kinetic Methods 


It is not the purpose of this chapter to detail the 
complex theory and methodology involved in the 
study of the growth kinetics of tumor cells, which 
has been aptly described in many monographs and 
reviews,”161 however a brief outline may be helpful 
to the reader unfamiliar with these techniques. 


In Vivo Studies of Human Cellular 
Proliferation 


The most detailed information presently available 
describing the growth of human neoplastic cells 
in vivo has come from studies using parenteral 
injections or infusions of nucleosides tagged with 
radioactive tracers. In most studies the pyrimidine 
nucleoside thymidine, tagged with either a tritium 
ion or carbon-14, has been employed. This nucleo- 
side, after phosphorylation, is incorporated with 
a high degree of specificity into newly synthesized 
molecules of DNA. Cells that are not in the DNA- 
synthetic portion of the cell growth cycle (S-phase) 
during the period of exposure incorporate little, 
if any of the radioactivity into their cellular mate- 
rial, and hence the tracer serves as a marker for 
a specific cell-cycle-related event, ie., DNA syn- 
thesis. Cells that have incorporated the tracer into 
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FicurE 11-1 *H-Thymidine 
autoradiography. Autoradio- 
graph of cells from a lymph 
node biopsy suspension of a pa- 
tient with diffuse histiocytic 
lymphoma (Rappaport classifi- 
cation). Black grains of reduced 
silver appear over the nuclei of 
cells that were in the S-phase 
during the period of in vitro ex- 
posure to *H-thymidine. The 
percentage of labeled cells in the 
population is the “labeling in- 
dex” for the tumor specimen. 
(680X) 


their DNA are identified by removing them from 
the involved tissues in thin microtome sections 
or single-cell suspensions, placing them on glass 
slides, and overlaying them with a photographic 
emulsion or film. After exposure of the film for 
various periods of time, the slides are developed 
by standard photographic methods, stained, and 
examined by light microscopy. Cells that have in- 
corporated the radioactive thymidine show black 
grains over the nucleus where beta particles emit- 
ted from the tracer have reduced ionic silver in 
the film or emulsion (Figure 11-1). These cells 
are considered to have been “labeled” and the frac- 
tion of such cells in the entire population is termed 
the “labeling index” (LI). 

By serial examinations of the cell population 
under study after a single bolus injection of radio- 
active thymidine, or during and after a continuous 
infusion, the fate of the tracer in proliferating cells 
can be determined, and various parameters of over- 
all growth can be estimated for the population 
as a whole. Some estimates that can be obtained 
from this type of study are the following: 


1. Mean population cell cycle time: average time 
taken by proliferating cells in the population 
to pass through a single generation cycle. 

2. S-phase duration: duration of DNA synthetic 
period (S-phase). 

3. Postsynthetic, premitotic interval: duration of 
interval between completion of DNA synthesis 
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in preparation for mitotic cell division and the 
onset of the mitotic phase of the cell cycle. 

4. Mitotic interval: duration of the various phases 
of mitosis, ending in the production of two 
daughter cells. 

5. Growth fraction: fraction of cells committed 
to the mitotic division cycle at any given time. 

6. Cell loss rate: fraction of cells lost from the 
population during any given interval of study. 


In Vitro Studies of Human Cell Proliferation: 
The “Flash” Thymidine Labeling Index 


Cells freshly obtained from tumors or body fluids 
are placed in appropriate tissue culture medium 
in the presence of *H-thymidine. A short (1-2 
hour) incubation time is used with or without an 
enhanced oxygen atmosphere. The cells are then 
washed free of the external thymidine, fixed, and 
analyzed by the autoradiographic methods de- 
scribed above. If the cells are exposed immediately, 
or within a short time of their removal from the 
tissue, the resulting LI approximates closely the 
value obtained by short-exposure in vivo label- 
ing.4157 

The fraction of cells in S-phase may also be 
measured by newer methods of automated cytol- 
ogy. The technique of flow cytometry, detailed 
elsewhere,?! utilizes molecular stains for DNA, 
which, when excited by an intense light source 
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FIGURE 11-2 Flow cytometric cell cycle analysis. (a) 
Chromosome duplication during the mitotic cycle, en- 
tailing progressive increase in cellular DNA content as 
the cell progresses through the phases of the generative 
cycle: Gi, period prior to DNA synthesis; 8, DNA syn- 
thetic period; Ge, postsynthetic, premitotic period; M, 
mitosis (b) Changes in DNA content during various 
cell cycle phases: 2c, DNA content corresponding to 
the normal diploid chromosome complement; 4c, DNA 
content corresponding to a state in which chromosomes 
have duplicated themselves. (c) DNA histogram of a 
proliferating cell population. (d}) Deconvolution of the 
histogram allows calculation of the fraction of cells in 
the DNA-synthetic portion of the cell cycle (S-phase 
fraction), shown as the shaded area under the curve. 


such as a laser or mercury vapor lamp, emit fluo- 
rescent light of an intensity proportional to the 
amount of DNA present in a cell. Thus the content 
of DNA in large numbers of individual cells can 
be measured and compared to the DNA content 
of normal diploid control cells. Since the DNA 
content of cells increases as they pass through the 
cell cycle (Figure 11—2a,b), S-phase cells can be 
identified by this measurement, and their relative 
numbers in the population calculated (Figure 11- 
2c,d). There is good agreement between S-phase 
fractions measured by this technique and by the 
LI method.? 


H. Hansen 


Proliferation of Cells of the Normal 
Immune System 


Cell proliferation is a central element of the func- 
tion of the normal immune system. The require- 
ment to respond to a vast array of possible threats 
to the integrity of the organism is met by systems 
allowing amplification of functional cell subsets 
to meet specific challenges. Amplification is ob- 
tained through controlled cell proliferation in lym- 
phoid tissues. 

Detailed cytokinetic studies of lymphoid cell 
populations in vivo are hampered by the extreme 
complexity of their tissues. Composed of both per- 
manent and transient cell populations, with a wide 
spectrum of functional, regulatory, and prolifera- 
tive behaviors, these tissues are difficult to analyze 
by classical cell kinetic techniques. For this reason, 
among others, much of what we know about the 
proliferation of lymphoid cells has been gained 
from the study of in vitro models of immune re- 
sponses, where the cell populations under study 
can be better defined. 


Lymphocyte Proliferation in Response to 
Mitogens 


The small lymphocyte of peripheral blood is not 
an end-cell; rather, it is a cell partially differenti- 
ated to membership in the immune system, in a 
kinetically quiescent intermediate state, retaining 
limited capacity for further proliferation and func- 
tional differentiation. When stimulated in vitro by 
external mitogenic molecules, these cells undergo 
a self-limited series of proliferation cycles, inti- 
mately coupled with further differentiation to end- 
stage cells with specific immune functions. There 
is considerable evidence that parallel events occur 
in vivo in response to immune stimuli. 

The discovery by Nowell, reported in 1960,47 
that kinetically quiescent blood lymphocytes could 
be stimulated to proliferation by the plant lectin 
phytohemmagglutinen (PHA) began an intensive 
study of the biology of the immune response in 
vitro. Later studies showed that this proliferation 
was not a response to the antigenicity of the PHA 
molecule, but was the result of a nonspecific stimu- 
lus to a large subset of lymphocytes, mediated by 
changes in the structure of the cell membrane. 
It is now clear that macromolecules from a variety 
of biologic sources can elicit proliferation in differ- 
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ent classes of lymphoid cells. These molecular 
stimulants, and their use in the elucidation of the 
mammalian immune response, have been exten- 
sively reviewed.742’ This discussion is focused on 
the cell kinetic aspects of lymphocyte proliferation 
in yitro in an attempt to show how such informa- 
tion can be used in the understanding of cell prolif- 
eration in lymphocytic lymphomas. 


Pokeweed Mitogen-Stimulated B Cell 
Proliferation 


The majority of human lymphocytic neoplasms 
originate in cells of the B lymphocyte lineage (i.e., 
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Ficure 11-3 Lymphocyte transformation in 
vitro: events in PWM-stimulated cultures of hu- 
man peripheral blood lymphocytes. 0 hours: time 
of addition of mitogen to the culture. (a) Develop- 
ment of intracytoplasmic immunoglobulin (clg) 
in cultured cells. (b) Wave of cell proliferation 
after exposure to PWM, and bimodal increase 
in mitotic index, indicating two distinctive waves 
of cellular division. (¢) Dramatic increase in RNA 
synthesis H-uridine labeling), DNA synthesis 
(?H-thymidine labeling), and appearance of the 
“transformed” morphologic phenotype in cul- 
tures upon the addition of PWM. Shaded area 
represents the pre-mitotic time interval in which 
“resting” cells are preparing for mitotic division 
by increase in cellular volume and new RNA and 
DNA synthesis. 
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cells producing and bearing on their surface immu- 
noglobulin molecules). The proliferation and dif- 
ferentiation of T and B lymphocytes after exposure 
to the plant mitogen pokeweed mitogen (PWM) 
has been studied in great detail as a model of the 
humoral immune response. Some of the features 
of this model shed light on the appearances and 
behavior of B cell neoplasms. 

Farnes et al., in 1964, reported that extracts 
of the plant Phytolacca americana (pokeweed) pro- 
duced blastic transformation and mitosis of human 
mononuclear blood cells in vitro. 17 In a subsequent 
article, they reported large immature basophilic 
lymphocytes and plasmacytosis, as well as elevated 
serum IgM levels in two of their laboratory work- 
ers accidently exposed to the root extract.” 

Blood lymphocytes cultured with PWM in vitro 
undergo a series of marked morphologic and meta- 
bolic changes resulting in proliferation of T and 
B lymphocytes, and in differentiation of the latter 
into immunoglobulin-synthesizing plasma cells 
and plasma blasts. B cell proliferation and differen- 
tiation in this system differ from that of an in 
vitro immune response in that they are not evoked 
by antigen and are polyclonal in nature (ie., 
plasma cells of multiple immunoglobulin classes 
result). Despite these differences, the model has 
proven useful in explaining various immune phe- 
nomena and immunodeficiency states;!©23:26 and 
if we accept a degree of cellular economy, it is 
reasonable to suppose that many of the mecha- 
nisms of subcellular activation, proliferation, 
growth control, and differentiation are similar in 
the in vitro model and the in vivo response of B 
cells to antigenic stimulus. 


Metabolic “Activation” of Lymphocytes 

The dramatic metabolic and morphologic events 
occuring in PWM-stimulated lymphocyte cultures 
were detailed by Chessin et al.,? whose findings 
are summarized in Figure 11—-3c. Within 2 hours 
of exposure to PWM, new RNA synthesis is evi- 
dent, increasing to a plateau at 48-72 hours. Mor- 
phologic “transformation,” characterized by in- 
creased cellular diameter, decreased nuclear to 
cytoplasmic ratio, and cytoplasmic basophilia, is 
first detected at 16-18 hours of culture, reaching 
a peak by 66-78 hours, when 58% of cells display 
the “transformed” morphology. Beginning at 24 
hours, and paralleling the increase in numbers of 
transformed cells, increased DNA synthesis is ob- 
served. By 72 hours, over 40% of cells in the cul- 
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ture have incorporated *H-thymidine. In sum- 
mary, exposure to PWM triggers a profound series 
of metabolic events in susceptible cells, leading 
to accelerated RNA synthesis, increased cell size, 
and increases in DNA synthesis prior to cellular 
proliferation. 


Proliferative Events 

Yen and Stein studied the cell kinetics of PWM- 
stimulated proliferation in detail® and found that 
the stimulated wave of cellular proliferation was 
the sum of two distinct division cycles, the first 
incorporating a long lag prior to the entry of cells 
into mitosis, and the second shorter, with no lag 
period (Figure 11-3b). Upon completion of these 
division cycles, the cells could not be induced to 
further proliferation by the addition of fresh mito- 
gen or culture medium. They concluded that 
PWM-stimulated cells execute two preprogramed 
division cycles ending in terminal quiescence in 
a Go (nonproliferative) state. This preprogramed 
limitation of cellular division might represent one 
mechanism by which cellular amplification in the 
immune response is regulated. 


Terminal Differentiation of B Lymphocytes 

Cell division is rare or absent in terminally differ- 
entiated plasma cells whose function is the produc- 
tion of specific antibody. Whereas B cells prior 
to immune stimulation bear antibody on the cell 
surface, such antibody is localized in the cytoplasm 
of mature plasma cells. In PWM-stimulated B 
cells, cytoplasmic immunoglobulin can be detected 
progressively only after the proliferative phase of 
the culture has begun. (Figure 11—3a).®° During 
the quiescent terminal phase many of the cells 
have the appearance of plasma cells and plasma 
blasts.35 


Coupling of Differentiation and Proliferation 

As we have seen, cell proliferation and the appear- 
ance of differentiative markers (cytoplasmic immu- 
noglobulin, plasmacytoid morphology) are closely 
linked in the in vitro model. Taken together, these 
findings support the hypothesis that a genetic pro- 
gram exists in human cells, tightly coupling limited 
cellular proliferation with differentiation of B cells 
to plasma cells. Such a program might represent 
one mechanism by which cellular amplification in 
the immune system is regulated. Errors in the read- 
ing of termination instructions in the program 
might result in the accumulation of lymphoid cells 
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far in excess of the demands of the antigenic chal- 
lenge, expressed as neoplasia. 


Lymphocyte Transformation In Vivo and 
Lymphomas of Follicular Center Cell Origin 


Proliferative processes similar to in vitro lympho- 
cyte transformation occur in the germinal centers 
of normal lymph nodes in response to immune 
stimuli. A lymph node taken from a normal adult 
can be shown to contain a small fraction of cells 
in the mitotic cycle. This fraction may increase 
considerably when tissue responding to immune 
stimulus is examined (see Figure 11-8), and prolif- 
erative activity is seen to be higher within lymph 
node germinal centers than in nearby interfollicu- 
lar zones.3*43 A large body of evidence indicates 
that germinal centers of lymphoid follicles are the 
site of B cell proliferation and differentiation. Len- 
nart has summarized the evidence that germinal 
centers are the sites for transformation and multi- 
plication of antigen-responsive clones.? He has 
termed the morphologic cell types appearing in 
germinal centers centrocytes—small or medium- 
size cells with notched, indented, or deformed nu- 
clei, small nucleoli, and pale gray-blue cytoplasm 
—or centroblasts, with round nuclei, intensly 
basophilic cytoplasm, and medium-size nucleoli. 
Autoradiography shows proliferative activity and 
protein synthesis to be greater in centrocytes than 
in lymphocytes, with thymidine incorporation 
most frequent in centroblasts.3* 

Lukes and Collins also concluded that the trans- 
formation of B lymphocytes occurs within follicu- 
lar centers and termed cells of these areas follicular 
center cells. They categorized small and large sub- 
types with variations in nuclear cleavage, and a 
larger cell type with basophilic cytoplasm, which 
they termed immunoblast, in recognition of its 
similarity to the blastoid cells of mitogen-stimu- 
lated cultures.5® Lukes and his colleagues hypothe- 
sized that the various morphologic appearances 
of follicular center cells are expressions of different 
states in the process of lymphocyte transformation, 
and that malignant lymphomas of these cells may 
arise from a “block” or “switch on” of lymphocyte 
transformation, resulting in cytologic types of lym- 
phomas resembling their normal counterparts both 
morphologically and functionally. Later, noting 
previous studies relating cell size to 3H-thymidine 
uptake in lymphoid populations, and considering 
the relationship between the DNA content of folli- 
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cular center cells and their morphologic features, 
they proposed that cell cycle times become shorter 
as cells become larger. This observation extended 
the concept of “arrest” in lymphoid transforma- 
tion to include cell kinetic states of the tumor 
cells as well as their morphologic features.4° Fur- 
ther support for this concept was supplied by 
Shackney and Skramstad, who, in an elegant flow 
cytometric study, showed that neoplastic lym- 
phoid cells become progressively larger as they 
traverse the cell cycle.55 

In summary, cell size, thymidine uptake, and 
morphologic appearance are expressions of the cell 
kinetic states of both normal and neoplastic lym- 
phoid cells. In addition, from information pres- 
ently available, we can deduce the probable exis- 
tence of a genetic program for coupled, self-limited 
proliferation and differentiation in B cell popula- 
tions in which errors in “reading” at specific points 
could lead to arrest during the proliferative phases 
of the program. Uncontrolled amplification of cell 
populations at these points would lead to neoplas- 
tic expression. Furthermore, if the points in the 
program at which such errors occur are few in 
number, the discrete varieties of cellular appear- 
ances of lymphocytic lymphomas would be in part 
explained. 


Cell Kinetics of Lymphocytic 
Lymphomas 


Notation on the Present Classification 
Schemes for Lymphocytic Lymphomas 


Much of the following discussion relates to the 
use of cell kinetic features of lymphoid neoplasms 
in the formulation of new classification schemes 
for these disorders, which are urgently needed by 
physicians caring for affected patients. Therefore, 
a short discussion of present histopathologic classi- 
fication schemes, by way of introduction, is appro- 
priate. 

What characteristics are desirable in a taxo- 
nomic scheme for a group of neoplastic diseases? 
From a purely scientific viewpoint, such a classifi- 
cation should recognize the biologic similarities 
of the neoplastic cells and their normal counter- 
parts in terms of their ontogeny, level of differenti- 
ation, and functional behavior. In keeping pace 
with advances in basic biologic knowledge, a pro- 
gressive classification scheme should facilitate the 
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application of new scientific findings to the under- 
standing of the diseases and the formulation of 
improved therapies. From the viewpoint of the 
clinician, a classification scheme should be accu- 
rate, highly reproducible, and predictive of the 
natural history of the diseases and responses to 
specific therapies. 

Since the late 1960s, the most widely used clas- 
sification for non-Hodgkin’s lymphomas, with 
slight modifications, has been that of Rappaport,®° 
which is based on two morphologic criteria: overall 
pattern of neoplastic involvement of tissues on his- 
topathologic sections, and cytomorphology of the 
neoplastic cells. The scheme does not address any 
biologic features of the neoplasms, except morpho- 
logic appearance, and its usefulness rests upon its 
ability to predict, on a statistical basis, the clinical 
outcomes in groups of affected patients.1:29 How- 
ever, when individual patients are considered, its 
predictive powers are considerably weaker. For 
instance, 20%—40% of patients with the advanced 
stages of “diffuse histiocytic lymphoma,” a single 
category of the Rappaport scheme, fail to obtain 
a complete remission even with the best available 
therapy,**5° but another subset (20%-—40%) at- 
tains prolonged disease-free survival and possibly 
cure.4252 These differences are not explained or 
predicted by the morphologic features of the tu- 
mors. 

Consideration of other clinical features such as 
serum lactate dehydrogenase level at presenta- 
tion,°+54 sites and bulkiness of tumor involve- 
ment.1®§6 etc. have somewhat improved the preci- 
sion with which we can predict clinical outcomes 
in each morphologic category; yet the usefulness 
of these refinements is diminished by an additional 
problem of purely morphologic schemes—that of 
reproducibility. Studies have demonstrated that 
general pathologists, using published criteria and 
reference fascicles, are unable to accurately classify 
these disorders by morphology in a substantial 
fraction of cases when their findings are reviewed 
by panels of reference pathologists.1©3! Such pan- 
els have a higher rate of agreement among them- 
selves, but this may in part be due to frequent 
cross-consultation and acceptance of certain as- 
sumptions by common agreement. To the extent 
that histopathologic interpretation remains a sub- 
jective skill, these weaknesses will persist despite 
frequent revisions of terminology. This creates a 
serious problem for clinical researchers who at- 
tempt to compare the efficacies of various treat- 
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ments in groups of patients treated at different 
institutions, since such comparisons require that 
each group be composed of patients with the same 
diseases. 

More recently proposed histopathologic 
schemes have incorporated concepts derived from 
progress in the science of immunology after the 
Rappaport system was formulated. The Kiel classi- 
fication,37 proposed by Lennart, and the system 
of Lukes and Collins®® take into account the phe- 
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nomenon of lymphocyte transformation both in 
vivo and in vitro. They compare the morphologic 
and cell kinetic features of transformation with 
the appearances of both normal lymphoid cells 
and the neoplastic cells of certain lymphomas. In 
addition, they also correlate histopathologic find- 
ings with studies of the functional differentiation 
of the neoplastic cells along the known pathways 
of normal lymphoid cells. These classifications are 
a considerable advance toward a modern scientific 
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Ficure Ii-4 An early cytokinetic classification for hematopoietic tumors: poster by William 
Damashek (1949),}* relating clinical disease manifestations with mitotic activity in leukemia and 


“leukosarcoma.” 
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taxonomy for lymphomas, although their superior- 
ity to the Rappaport scheme, in terms of repro- 
ducibility and clinical application, remains un- 
proven at this time. Without diminishing their con- 
tributions, it is fair to say that what is lacking 
in these schemes are quantitative diagnostic and 
prognostic criteria. Quantitative criteria, if repro- 
ducible and predictive of tumor behavior, would 
allow investigators in any institution or locale to 
determine precisely the type of disease under 
study, and to compare the results of parallel inves- 
tigations or treatments with greater reliability. The 
practicing physician would gain confidence in his 
prognostication of the diseases and determination 
of treatment. 

In the past two decades, a considerable amount 
of quantitative data regarding the in vivo growth 
characteristics of non-Hodgkin’s lymphomas has 
been accumulated. For reasons that are unclear, 
these data have not been used by those attempting 
to formulate useful classifications for these disor- 
ders. In the subsequent discussion some of these 
data are summarized and it is shown how they 
may be useful in the design of improved classifica- 
tion schemes: 


Cytokinetic Features of Lymphoid Tumors 


It has long been recognized that tumors of the 
lymphoid system manifest a wide spectrum of clin- 
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ical growth patterns and “aggressiveness.” Dr. 
William Damashek, at a meeting of the American 
Medical Association in 1949, displayed the poster 
reproduced in Figure 11-4.18 Referring to leuke- 
mias and “leukosarcomas,”’ he attempted to clini- 
cally correlate cell growth rates with the cytologic 
appearances of the neoplastic cells and disease ac- 
tivity. His scheme defined three categories of leu- 
kosarcoma whose cellular appearances and associ- 
ated diseases ran very different courses: The blast 
sarcoma form was characterized by relatively large 
cells, with prominent nucleoli and many mitoses. 
Its clinical behavior was described as “highly inva- 
sive” and “widely metastatic,” killing the patient 
within 1-8 weeks. A second type, the blast-cyte 
sarcoma, had cells with fewer nucleoli and mitoses, 
an invasive and metastatic behavior, and a less 
rapid clinical course of 8 weeks to | year. The 
third category, cyte sarcoma, had rather small 
cells, few nucleoli or mitoses, a slowly invasive 
behavior, and a clinical course that could run for 
years before death. Damashek’s keen observations 
were clinical and morphologic; and in the ensuing 
years, a body of quantitative knowledge regarding 
the in vivo growth of lymphocytic lymphomas was 
generated which confirmed his impressions of the 
varying patterns of cellular proliferation in these 
diseases. 

Table 11-1 summarizes some important prolif- 
erative parameters for lymphocytic lymphomas 


TABLE 11-1 Jn Vivo Growth Characteristics of Lymphocytic Lymphomas in Man 
Observed Volume Mean Cell Growth 
Doubling Time Cycle Time Fraction 
(days) (hours) (%) Tumor Type Reference 
2.8 26 100 Burkitt’s lym- 28 
phoma 
30 66 32 Lymphosarcoma 45 
35 80 31 Reticulum cell 45 
sarcoma 
70 116 15 Reticulum cell 45 
sarcoma 
105 159 11 Reticulum cell 45 
sarcoma 
115 194 14 Reticulum cell 45 
sarcoma 
400 264 5 Lymphosarcoma 45 
60 60 Lymphosarcoma 56 
100 100 Lymphosarcoma 56 
59 Reticulum cell 49 
sarcoma 
91 Lymphosarcoma 8 
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FiGureE 11-5 Jn vivo cell kinetics of lymphocytic lym- 
phomas: relationship between 3H-thymidine labeling in- 
dex and measured tumor volume doubling time. O Nishi- 
kori and Shirakawa*®; 4 Iverson et al.?8 (From Hansen 
et al.,248, with permission.) 


derived from in vivo studies in man using paren- 
teral injections or infusions of 3H-thymidine. The 
wide range of proliferative behavior in these tu- 
mors is evident, with macroscopic tumor volume 
doubling times as short as 2.8 days, to as long 
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FIGURE 11-6 Jn vivo cell kinetics of lymphocytic lym- 
phomas: relationship between *H-thymidine labeling in- 
dex and mean cell cycle times of tumor cell populations. 
A Clarkson et al.8; 0 Iverson et al.28; @ Nishikori and 
Shirakawa‘®; 4 Peckham and Steel*9; @ Sheehy et al.56 
(From Hansen et al.,24* with permission B: Marker and 
kinetic studies in non-Hodgkin’s lymphoma. Am J Med 
71:107-123, 1981, with permission.) 
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as 400 days, mean cell cycle times from 26 to 
264 hours, and growth fractions from 5% to 
100% .8:28:45.49.56 


S-Phase Fraction as a Measure of Tumor Growth 
Although very useful, the time, technology, and 
expense of in vivo studies precludes their applica- 
tion to large numbers of patients, and therefore 
a simpler, more widely applicable method of esti- 
mating tumor growth patterns in individuals 
would be very useful. Such a method appears to 
be the measurement of the S-phase fraction by 
simple in vitro techniques such as autoradio- 
graphic LI or flow cytometry. Figures 11-5 and 
11-6 show the relationship of short-duration 
3H-thymidine labeling to tumor volume doubling 
times and mean cell cycle times measured in vivo 
in lymphocytic lymphomas. There is an approxi- 
mately hyperbolic relationship between volume 
doubling time or mean cell cycle times and LI; 
higher LI’s are found in rapidly growing tumors 
with short mean cell cycle times, and lower LIs 
in slowly growing tumors with longer mean cell 
cycle times. The growth fraction, shown in Figure 
11-7, appears to increase linearly with the LI. In 
some cases the LI has been used to calculate 
growth fraction (GF) using the equation 


GF= LI 
Ll) 


where LIp is the labeling index of proliferating 
cells. The apparent linearity of this relationship 
when the measured values are plotted suggests that 
the LI of the proliferative fraction is constant 
within all the lymphoid tumors measured, the dif- 
ference in growth fraction being accounted for by 
varying proportions of nonproliferating cells. Sa- 
saki and Sakka have also found correlations of 
LI mean population cell cycle time, growth frac- 
tion, and tumor doubling time in solid tumors.5! 
Hence the LI appears to satisfy the requirement 
for a simple in vitro test that can be used to esti- 
mate other tumor growth parameters in large num- 
bers of human lymphocytic lymphomas. 


Labeling Index Distribution in Lymphocytic 
Lymphomas 

Many investigators have studied the LI in lym- 
phoid neoplasms and found a very broad distribu- 
tion for this parameter, in keeping with the spec- 
trum of clinical tumor growth seen in these 
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FiGureE 11-7 In vivo cell kinetics of lymphocytic lym- 
phomas: relationship between *H-thymidine labeling in- 
dex and the in vivo growth fraction of tumor cells. © 
Nishikori and Shirakawa**; ™ Iverson et al.28; A Sheehy 
et al.5* (From Hansen et al.,24@ with permission.) 


diseases. 95637.48.58 Figure 11-8 shows the distribu- 
tion of LI values seen in 325 cases of involved 
tissues from patients with lymphocytic lymphomas 
studied at the Memorial Sloan-Kettering Cancer 
Center, and a similar distribution for 35 benign, 
but hyperplastic lymph nodes. The range for tis- 
sues involved by lymphoma was 0 to 58%, with 
a median value of 4%. The median value for non- 
neoplastic cases was similar (5%), with a range 
of 0.1%-27%. Over 90% of values for neoplastic 
tissues fell within the range seen in benign tissues, 
and therefore the LI alone could not in general 
be used to determine the neoplastic nature of the 
tissue. There is some relationship between the LI 
and the histopathologic appearance of the involved 
tissues in the Rappaport classification. This is 
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FIGURE 11-8 Frequency distri- 
bution of labeling index in lympho- 
cytic lymphomas: measurements of } 
3H-thymidine labeling index. (a) 35 
cases of hyperplastic lymphade- 
nopathy. (b) 325 cases of lympho- 
cytic lymphomas. 
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shown in Figure 11-9, in which the LI measure- 
ments are shown for each Rappaport subtype. Of 
note is the wide range of values that can be ob- 
served in each of these histopathologic categories 
except nodular poorly differentiated lymphocytic 
and diffuse well-differentiated lymphocytic, em- 
phasizing the weak correlation of tumor growth 
rates and histopathologic appearance in this 
scheme. 


Cell Volume as a Kinetic Parameter in the 
Lymphocytic Lymphomas 

Histopathologic classifications of lymphocytic 
lymphomas recognize cell size, as measured or esti- 
mated on stained tissue sections, as an important 
prognostic feature.'4 In the section, the relation- 
ship of cell size to kinetic behavior in lymphoid 
cells was outlined. Braylan and his colleagues 
quantified cell size in neoplastic and nonneoplastic 
lymphoid populations using a method that mea- 
sures the individual volumes of large numbers of 
individual cells in tissue suspensions.® In this tech- 
nique, electronic particle sizing (Coulter sizing),3? 
the cells are suspended in an electrically conduc- 
tive medium and are caused to flow through a 
tiny aperture separating conducting electrodes. 
The current flow between the electrodes is momen- 
tarily decreased as a relatively nonconductive cell 
passes through the aperture, partially obstructing 
it. The magnitude of this decrease in current is 
a function of the volume of conductive fluid dis- 
placed by the cell. Hence a signal is generated 
reflecting the volume of each cell as it passes the 
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FIGURE 11-9 Labeling index and histopathology: distribution of 3H-thymidine labeling index values 
for various histopathologic lymphoma subtypes according to the classification of Rappaport. DWDL, 
diffuse well-differentiated lymphocytic; NPDL, nodular poorly differentiated lymphocytic; NML, 
nodular mixed histiocytic-lymphocytic; NHL, nodular histiocytic; DPDL, diffuse poorly differentiated 
lymphocytic; DML, diffuse mixed histiocytic-lymphocytic; DHL, diffuse histiocytic; DU, diffuse 


undifferentiated. (From Hansen et al.,?4# with permission.) 
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FiGure 11-10 Coulter cell sizing method: cell volume 
histogram generated from a cell suspension derived from 
a lymph node involved by diffuse poorly differentiated 
lymphocytic lymphoma. Most frequently found cell vol- 
ume (histogram mode) is termed the “modal cell vol- 
ume” for the population. 


aperture. Such measurements can be performed 
rapidly on large numbers of cells and a histogram 
of cell volume distribution in the population is 
generated. The mode of this histogram is deter- 
mined and termed the “modal cell volume” 
(MCV) for the tissue analyzed. An example of 
such a histogram is shown in Figure 11-10. 

As in the case of LI there is a wide variation 
in the range of MCVs seen in lymphocytic lympho- 
mas, with values from 100 to 718 3 reported by 
Braylan et al. In Figure 11-11 the frequency distri- 
bution of MCV values is shown for 326 tissue 
suspensions from involved tissues of patients with 
lymphocytic lymphomas, and 34 cases of nonneo- 
plastic lymphadenopathies at Memorial Sloan- 
Kettering Cancer Center. The maximum value 
seen in the latter group was 260 3. MCVs greater 
than this value were found only in neoplastic tis- 
sues, although some very large cells were present 
in each tissue examined. Thus the presence of large 
cells is not a criterion for malignancy, although 
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FiGureE 11-11 Frequency dis- 
tribution of modal cell volume in 
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FiGure 11-12 Modal cell volume and histopathology: values for various histopathologic lymphoma 
subtypes of the Rappaport classification. See Figure 11-9 legend for definition of abbreviations. (From 
Hansen et al.,24@ with permission.) 
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certain size distributions are found only in neoplas- 
tic tissues. 

In Figure 11-12, the MCVs for various types 
of lymphocytic lymphomas are shown according 
to the Rappaport type of the tissue studied. Again, 
there is a loose relationship of MCV with histo- 
pathologic appearance, and a large range of vari- 
ability within the diffuse categories (with the excep- 
tion of diffusive well-differentiated lymphocytic). 


Cell Kinetics and the Outcome of 
Therapy in Lymphocytic Lymphomas 


Neoplastic Cell Growth Rate 


With the exception of documented localized dis- 
ease, the majority of patients with these diseases 
are not cured by any currently available treatment 
modality. The typical course of events is one of 
induction of remission (partial or complete) with 
radiotherapy or chemotherapy, followed by relapse 
and progressively shorter periods of disease con- 
trol, until the toxicities of therapy induce morbid- 
ity of the same or greater magnitude as the disease 
itself. At this juncture the patient succumbs to 
either or both of these morbidities. 

Clinical oncologists have long recognized that 
the increment of reduction in relapsing tumors 
becomes progressively smaller with repeated appli- 
cations of the same chemotherapeutic agents. This 
has been ascribed to the emergence of “drug-resis- 
tant” populations analogous to those seen in mi- 
crobial populations during antibiotic therapy. 
Drug resistance appears to be a major factor in 
our inability to control neoplastic cell growth for 
periods similar to the normal life span of affected 
individuals. 

The number of drug-resistant cells in a tumor 
cell population may be independent of cellular pro- 
liferation rate prior to treatment. However, there 
is evidence, based on mathematical modeling, to 
suggest that the emergence of resistance during 
attempts to control tumors with chemotherapy 
may be highly dependent upon this factor. Goldie 
and Coldman have proposed a model relating the 
drug sensitivity of tumors of various sizes to their 
rate of spontaneous mutation to resistance.?? Their 
model assumes that the probability that a resistant 
clone of tumor cells will arise is a function of 
tumor size and the rate of spontaneous mutatation 
to resistance. In Figure 11-13 the calculated prob- 
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Ficure 11-13 Goldie-Coldman resistance plot: plot 
of the probability of finding no totally drug-resistant 
cells in tumors of varying size (cell number) for varying 
rates (a) of spontaneous mutation to resistance per cell 
generation (a1 > a2 > a3). Tumors with cell numbers 
above the break points in the curves would not be cura- 
ble by the agents to which resistance has developed. 
(From Goldie and Coldman,2? with permission.) 


ability of the existence of totally resistant cells is 
shown for various overall tumor sizes and rates 
of spontaneous mutation to resistance. The latter 
parameter (a) is expressed as mutation to resis- 
tance per cell generation. 

For any spontaneous mutation rate to resis- 
tance, there is a sharp increase in the probability 
of a completely resistant population as tumor size 
increases above a threshold cell number. Since, 
as stated, our current treatment modalities do not 
eradicate tumor in most cases of disseminated lym- 
phocytic lymphoma, we may conclude that these 
diseases frequently present with tumor burdens 
that are beyond the break point in the curves (i.e., 
contain “totally resistant’? phenotypes). The sur- 
vival of the host in most cases will then depend 
on the rate at which the resistant clones emerge 
to produce clinically evident tumors during anti- 
neoplastic therapy. 

Let us consider how cell kinetic parameters of 
lymphoid tumors affect these factors: The kinetic 
analysis of neoplastic growth in vivo is complex, 
being the product of a large number of variables. 
For example, cellular growth rates and growth 
fractions vary within tumor masses due to varia- 
tions in oxygen and nutrient supply, and large 
numbers of cells may be lost from the tumor popu- 
lation due to the production of defective daughter 
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cells in many mitotic divisions. Despite these diffi- 
culties, mathematical models of tumor growth 
have provided useful approximations of normal 
and neoplastic cell proliferation in vivo. For the 
purposes of the present analysis, a series of simpli- 
fying assumptions are made in modeling the prolif- 
eration of resistant tumor cells within a lymphoma 
population in vivo; the approximate nature of the 
model is acknowledged attempt to show how the 
cell kinetic parameters of the neoplastic popula- 
tions may affect the success or failure of treatment 
with antineoplastic drugs. 


Net Gain of Resistant Cells per Unit Time 

Let us assume that the cell kinetic parameters of 
the resistant population are similar to those of 
the tumor as a whole and are unaffected by thera- 
peutic interventions, and that the proliferative 
fraction follows simple exponential growth kinet- 
ics. In this situation the number of resistant tumor 
cells (R) is given by the relation 


R= Ro exp(kt) 


where Ro is the number of resistant cells at time 
o (onset of treatment); k is the growth constant 
(In 2/T,); and T, is the mean cell cycle time of 
the population. Then, after any subsequent interval 


FiGurReE 11-14 Mean cell cycle time as a determinant 
of drug resistance: increase in totally resistant cell phe- 
notypes (AR) in any constant treatment interval Ar, 
in a tumor of initial size Ro, for varying mean cell cycle 
times of the neoplastic population. In the shaded area 
At > T., where AR increases rapidly with decreasing 
cell cycle times. 
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At between cytotoxic treatments, the number of 
resistant cells in the tumor will be 


At 
R=R,t+AR=Ro exp (in 27) 


€ 


and the net gain in resistant cells is 


At 
AR = Ro fexp (in 25) a i} 
Te 


The relationship between the mean cell cycle time 
and the number of resistant cells under these cir- 
cumstances is plotted in Figure 11-14, showing 
that for any constant time interval At, the number 
of resistant cells will increase exponentially as 
mean cell cycle time becomes shorter. If Az is 
the interval between treatments, the emergence of 
clinically important resistant tumor will occur 
more rapidly in tumors with short mean cell cycle 
times in the resistant population. This is especially 
true if At/T, is large, i.e., when treatment intervals 
are much larger than the mean cell cycle time 
of the resistant population. This is the situation 
in the chemotherapy of most human lymphocytic 
lymphomas, where Az is usually on the order of 
3-4 weeks. This interval is usually fixed by the 
requirement for recovery of normal hematopoietic 
cells between treatments (Table 11-1). 


Rate of Spontaneous Mutation to Resistance After 
Treatment 

The theory of Goldie and Coldman?? is a static 
one, in that it assesses the development of drug 
resistance independently of cellular proliferation 
rates. However, in their model, which is based 
on previous studies of antibiotic resistance in bac- 
teria, the rate of spontaneous mutation to resis- 
tance (a) is given by 


(11-1) 


where n is the number of spontaneous mutations 
to resistance, and g is the number of generations. 
If this assumption is true, then we can adapt the 
model to simple exponential cell growth during 
the treatment intervals of chemotherapy. Since in 
simple exponential growth, 


Sie 


Tr (11-2) 


we can substitute the right-hand term in equation 


222 


FiGurE 11-15 Mean cell cycle time and the accumula- 
tion of mutations to resistance: plot of the number of 
new spontaneous mutations to resistance in a tumor 
population during any treatment interval A¢ for varying 
spontaneous mutation rates (a) and mean cell cycle 
times (T,) of the neoplastic population (n). 
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11-2 for g in equation 11-2, and rearranging terms 
we obtain 

at 

Te 


n = 
and in any time interval At, 


An= < 

T- 

i.e., the number of spontaneous mutations to resis- 
tance in any time interval is an inverse function 
of cell cycle time, and the rate of accumulation 
of new mutations to resistance is greater in rapidly 
proliferating cell populations. In Figure 11-15 this 
relationship is shown graphically for different 
spontaneous mutation rates to resistance. 

If the assumptions of this simple model repre- 
sent approximations of in vivo events in human 
lymphocytic lymphomas, we may conclude that 
during the chemotherapy of a tumor that contains 
resistant cells at the onset of treatment, both the 
number of resistant cells with time, and the rate 
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Labeling Index (%) 


FiGurE 11—16 Simultaneous cell kinetic and cell volumetric measurements: two-dimensional plot 
of labeling index and modal cell volume measurements determined on 90 specimens of cells derived 
from the involved tissues of patients with lymphocytic lymphomas. 
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of appearance of new resistant clones will be in- 
creased in populations with shorter mean cell cycle 
times. In these tumors, treatment failure and death 
of the host will be evident at an earlier time during 
therapy. 


Labeling Index and Prediction of 
Therapeutic Outcome 


We have seen that higher LIs are associated with 
shorter mean cell cycle times in lymphocytic lym- 
phomas, and how the latter parameter may predict 
early treatment failure. There is ample evidence 
to suggest that the LI of tumor cells is an impor- 
tant prognostic parameter in human neoplastic dis- 
eases. Because of its direct relationship to various 
parameters of tumor growth, the prognostic signif- 
icance of the LI has been investigated in several 
types of human neoplasms. Straus and Moran, us- 
ing in vivo cell kinetic methods, studied the signifi- 


2.81 
a 
] 2 
2.72 
a 
2.63 : 
2.54 
> 
oO 
= 
© 2.45 bd 
8 . e 
_ id a 2 
e a a ° 
2.36 a 
a 
e tee a 
aol © 6 a 
e 
2274 e * @ e e 
*%, e ee e 
e 
2.18 e 
e 
2.09) 
2.00 
.70 1.40 2.10 2.80 


223 


cance of the LI in breast cancer tumors, and sug- 
gested that higher tumor cell LIs are associated 
with a poorer prognosis.® Gentili et al. recently 
reported that in premenopausal breast cancer pa- 
tients with negative axillary lymph nodes, post- 
surgical relapse rates were significantly higher for 
those patients whose tumors had in vitro LIs 
higher than the median value of 4.6% in their 
series.2° Others have reported an adverse impact 
of high initial tumor cell LI on remission duration 
in acute nonlymphocytic leukemia!?25-6+ and on 
survival in multiple myeloma.!5 

Costa et al. measured the labeling index in 88 
cases of untreated lymphocytic lymphomas and 
examined the remission rates and survivals of pa- 
tients whose tumors had labeling indices above 
or below the median value for all cases measured. 
They found that both remission rates and overall 
survivals were significantly higher in patients 
whose tumor LIs were below the median, offering 
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FiGurE 11-17 Kinetic—volumetric map: after kinetic and volumetric data have been normalized 
by means of simple transformations. Two-dimensional plot of 80 cases of lymphocytic lymphomas 
using transformations (square root for labeling index, logarithim for modal cell volume). (From 


Hansen et al.,?4* with permission.) 
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direct evidence of the prognostic value of this mea- 
surement in the lymphocytic lymphomas. 


Cell Kinetic Parameters and the 
Classification of Lymphocytic 
Lymphomas 
We have shown that cell size and LI relate to 
the cell kinetic states of lymphoid cells, and how 
such states reflect the growth rates of lymphoid 
tumors. How can such information be used to help 
formulate better classification schemes? 

In Figure 11-16 a two-dimensional plot of the 
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LI and MCV measured simultaneously in 90 cases 
of lymphocytic lymphomas is shown, with each 
case represented by (LI, MCV) as an (x,y) pair. 
A similar data set is shown in Figure 11-17 after 
simple mathematical transformations are used to 
normalize the data on each axis. We have termed 
such a plot a “kinetic-volumetric map.” When 
the data are thus transformed, two large clusters 
of points are apparent, one cluster composed of 
small cells with low LIs and the other of larger 
cells and higher LIs. If an area is determined on 
the map for each set of points belonging to a Rap- 
paport classification subtype the map in Figure 
11-18 results. Nodular lymphomas, a “good-prog- 
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FicurE 11-18 Kinetic-volumetric map of lymphocytic lymphomas: areas are localized for histopathologic types 
of lymphocytic lymphoma tissues whose labeling index and modal cell volume data have been plotted. Various 
shadings define areas in which the points for tissues of each Rappaport histopathologic type are located. See 
Figure 11-9 legend for definition of abbreviations. (From Hansen et al.,?4@ with permission.) 
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and MCV < 280 (40) 


or MCV 


280 (28) 
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FIGURE 11-19 Kinetic-volumetric map area and pa- 
tient prognosis: actuarial survival curves for patients 
whose lymphoma tumor cells have labeling indices less 
than 10% and modal cell volumes less than 280 p3 
(kinetic-volumetric type I) and those whose tumors 
have higher values for either parameter (kinetic—volu- 
metric type II). The difference in survival is highly sig- 
nificant by the log rank statistical test. 


nosis” group in the Rappaport system, are found 
only in the lower cluster. The upper cluster is com- 
posed exclusively of diffuse categories, whose point 
loci partially overlap one another. Some diffuse 
lymphomas, however, may be found in either cate- 
gory. We have termed lymphomas whose (LI, 
MCV) loci fall within the lower and upper clusters 
“kinetic volumetric” types I and II, respectively. 

Preliminary analysis of survival data has shown 
this method of characterizing lymphomatous tis- 
sues to be clinically predictive of some aspects 
of disease behavior in affected individuals. The sur- 
vival curves of patients with kinetic-volumetric 
type I and II lymphomas of B cell origin are com- 
pared in Figure 11-19. The difference in overall 
survival at 36 months is highly significant. Analy- 
sis of more cases and longer follow-up will be nec- 
essary to determine whether subdividing clusters 
into discrete areas will identify further prognostic 
categories; however, the advantages of such a clas- 
sification scheme are already apparent: it utilizes 
precise, highly reproducible, and easily measured 
parameters of the neoplastic cells; the parameters 
reflect important biologic features of the tumors; 
and quantitative measurements can be subjected 
to a wide variety of statistical analyses. It is hoped 
that further studies in this area will lead to more 
precise and useful classification schemes for these 
disorders. 
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CHAPTER 12 


Infections in Lymphoma Patients 


Merril Gersten and Donald Armstrong 


Infectious complications remain a significant cause 
of mortality in patients with lymphatic neo- 
plasms.*-#° The high incidence of infection reflects 
both immune alterations inherent in the diseases 
and those engendered by antineoplastic therapy. 
These patients are at risk for infection caused not 
only by organisms normally considered to be viru- 
lent pathogens, but also by less virulent organisms 
that often area part of the normal flora. Infections 
of the latter type are often more troublesome to 
treat because the organisms involved are fre- 
quently more antibiotic resistant than the usual 
pathogens. 

It is possible to some extent to predict the or- 
ganisms most likely to be responsible for infection 
based on the patient’s most prominent immune 
defect. The four main categories of immune defects 
are 


1. Impaired neutrophil defense, due most often 
to low circulating numbers of polymorphonu- 
clear leukocytes following chemotherapy, or 
due to bone marrow invasion by lymphoma 

2. Defective T lymphocyte-mononuclear phago- 
cyte function, usually associated with pro- 
longed therapy, occasionally a consequence of 
the lymphoma itself 

3. Abnormal gamma globulin function, most com- 
monly due to hypogammaglobulinemia associ- 
ated with chronic lymphocytic leukemia (CLL) 
and multiple myeloma, but also seen with pro- 
longed chemotherapy 

4. Splenic dysfunction following splenectomy for 
massive spleen enlargement, or due to invasion 
by neoplastic lymphoma cells. 
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Most of the non-Hodgkin’s lymphomas are, like 
CLL, of B cell origin and tend to be associated 
with abnormal humoral immunity. A notable ex- 
ception is lymphoblastic lymphoma (formerly 
called lymphosarcoma of childhood), which ap- 
pears to be of T cell origin.1° 

Immune defects are not always so isolated as 
the preceding description suggests; frequently the 
picture is complicated by multiple factors such 
as iatrogenic immunosuppression due to antineo- 
plastic chemotherapy, radiotherapy, and (staging) 
splenectomy. Adrenocorticosteroids produce both 
a lymphocytopenia and a monocytopenia, but sig- 
nificantly impair only the efferent (monocyte— 
macrophage) arm of cell-mediated immunity.19% 
The neutrophil leukocytosis seen with steroid 
treatment is associated with a decreased egress of 
cells from the blood into areas of inflammation, 
accounting, in part, for the reduction in physical 
signs of inflammation in infected patients receiving 
steroids. The effect of cytotoxic drugs on immune 
function is influenced by factors such as dose and 
scheduling of drug or drug combinations;® how- 
ever, the most profound and common effect is a 
drastic reduction in the number of circulating neu- 
trophils. Radiotherapy initially reduces numbers 
of both circulating B and T lymphocytes. Recovery 
of B cells begins shortly after completion of ra- 
diotherapy and is usually complete within 2 years; 
but T cell numbers and certain in vitro parameters 
of T cell function may remain suppressed for as 
long as 8-10 years after irradiation.4 

The spleen is important in the production of 
early (IgM) opsonins, and in the sequestration of 
particulate antigen early in infection; and its 
macrophage population significantly contributes to 
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the body’s handling of intracellular pathogens. For 
these reasons, splenectomy compromises the host’s 
immune system in more than one sphere, and in 
particular, puts the patient at risk for overwhelm- 
ing postsplenectomy infection, a fulminant bac- 
teremia caused by encapsulated organisms (Strep- 
tococcus pneumoniae, Hemophilis influenzae and 
Neisseria meningiditis) which may lead to death 
within 10-18 hours after onset of symp- 
toms.17-18.37.42 

Finally, the patient with a lymphatic neoplasm 
may be further predisposed to infection by general 
and local factors that interrupt the integument 
(chemotherapy-induced mucosal or gastrointesti- 
nal ulcers, bladder or intravenous catheters) or 
introduce microorganisms through intravenous 
infusions (blood product, fluids). The organisms 
that most commonly take advantage of the vari- 
ous types of immune defects are listed in Table 
12-1. 


Signs of Infection and Clinical Sepsis 


Fever is generally the hallmark of an infection, 
however, in dealing with patients who have a 
lymphatic neoplasm, it is important to remember 
that fever may occur in the absence of infection 
and be due to the underlying disease, drug reac- 
tion, or transfusion reaction, and infection may 
occur in the absence of fever. The latter circum- 
stance is most often seen in patients who are se- 
verely ill and debilitated, in the elderly, in patients 
receiving adrenocorticosteroids, or in patients in- 
fected with certain organisms, such as Cryptococ- 
cus neoformans, which may not evoke a febrile 
response. Early occult sepsis in these patients may 
be heralded by hyperventilation alone, or may be 
suggested by an unexplained leukocytosis, leu- 
kopenia, thrombocytopenia, tachycardia, hypoten- 
sion, or subtle mental changes. 

When fever does occur in these patients, it 
should first be regarded as infectious and should 
prompt intensive investigation for the source. If 
a source can be detected, the responsible organism 
can frequently be identified and appropriate ther- 
apy administered. Such therapy may include a 
drainage procedure when a closed-space infection 
is found (e.g., subcutaneous abscess, pulmonary 
abscess behind an obstruction), in addition to the 
antimicrobial selected on the basis of known or 
presumed sensitivities. If the patient is neutropenic 
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(leukocyte count below 2000/mm?) or clinically 
convincingly septic, then empiric therapy should 
be started. In some cases in which the leukocyte 
count is normal, in the absence of a proven source 
clinically or by culture, antimicrobial treatment 
may be withheld. Rapid investigation with appro- 
priate cultures and diagnostic procedures such as 
x-rays and scans should be done. Experience has 
shown that “blind” therapy diminishes the normal 
flora, permitting overgrowth of resistant organ- 
isms, and also hampers further efforts to find the 
source of infection. If, however, blind therapy is 
necessitated by the clinical situation, we would 
treat broadly to cover both gram-positive and 
gram-negative organisms that take advantage of 
neutrophil defects (Table 12-1); specific recom- 
mendations are discussed in the section on treat- 
ment. 

Common causes of obscure fevers in patients 
with lymphatic neoplasms, especially those with 
defects in cellular immunity, are disseminated tu- 
berculosis and cytomegalovirus. One must have 
a high index of suspicion for disseminated tubercu- 
losis since the typical military pulmonary lesions 
may be absent, and the clinical presentation may 
even mimic acute or chronic leukemia. The diag- 
nosis is particularly crucial to make since excellent 
antituberculous therapy is available. 

All patients who have received multiple blood 
transfusions are at risk for contracting malaria (as 
well as the more commonly considered viral hepa- 
titis), and thick and thin smears to detect Plasmo- 
dium organisms should be done in these patients 
with unexplained fever. In areas where Babesia 
species are endemic they should be looked for on 
smear as well. 


Organisms Frequently Responsible for 
Infection 


We have found that it is most convenient to con- 
sider the various infections in terms of clinical 
presentations, and the following discussion is pre- 
sented in this manner. 


Skin, Bone, and Joint Infections 


Skin lesions present a readily accessible site for 
aspiration and biopsy, enabling a presumptive (by 
smear) and then specific (by culture and/or histo- 
pathology) diagnosis to be quickly and easily 


snlAouspy 


SNITAOTeSOUI0j AZ 
I9}SOZ BIJOOLIeA 
So[seop 


@ 3 y-uou snnedoy 
SQA Ieg-utoysdqy 
SNUITAOTVSOUIOJA_D 

a sunedoy 


nuips syskoounayg 


SHIpyouuap sarkuojsplg 
SHIM Saplolp1990D 
uinjojnsdp> puspdojsipy 
(jeco]) ‘dds vpipuna 
suputsofoau snd2090j}dha 


S1]D40949]S8 SapIOjABUoAIS 
jjpuos pusvjdoxo J, 
nutaps syusdoounaug 


uimaunind uosodsoysi4 I, 
aesORIOON|] 

‘dds snjji8uadspy 
(poyeuruessip) ‘dds ppipun > 


‘dds wnipowsnjg 
‘dds visaqog 


‘dds ppipuna 


npuos pusvjdoxo J, 


‘dds wnipowspjg ‘dds ppipun > 


‘dds ppipuna 


qe onoyuy 
apzuanyful snj1ydouazy 
pluoulnaud snz20901da415 


‘dds nyjauoizaT 

‘dds winjaajanqood py 
SOplOda]SD DIPADIONT 
‘dds njjauowjos 
SAUIBOIAIOUOUL DIMIISVT 


WTpeq Slowey 
snainp sno2090]Aydv1g 
sauasodd sno2090}dad1S 


apluoutnaud snz9090}1da415 
apzuanful snjiydowayy 
SHIPISUIUAUL DIdassIaNy 


SIISp4f saplozajo0g 
qTHeq OLY 

snainp sno2090;A4ydn1g 
sauasodd sno2090j}dad1S 


aDavo]) 4ajIDGoLaUT 
SUDAIUIOJB8D 4aJIDgGoAaIUT 
‘dds njjauowjosy 


‘dds winjuajopgauduoy 
Sipiutsapida sno2020,Aydn1g 
WTPeq oLeyay 

snaanp sno2020]Aydn1g 
sauasodd sno2090j}daa1S 


AderoyjousyD 

eiweyne] onAooyduré] ormoryD 

ewopoAw ofdynyy 
ul[ngqoyseururey 


Adeioyjoursys 
OSvosIp s,uTyspoyH 
ay4008eyd 
Ieoponuououl oyAo0ydulAT 7 


AdessyjousyD 
BVIMIDANs] 9NIV 
Trydosyneyy 


OSvoSIpP S,U1y 
-Spoy 10} Awoyesode, Buiseig 
ussds 


Aro3.1ns 
d1dOTOOUAS IO [BUTSO}UIOISeL 
soidoosopuyq 
sourjsisse £10;e11dsoy 
AUIOJSOOYOVIY, 
soinpssoid eons 


spIny snousaeruy 
syonpoid poolg 
SUOTJOIJUI UOISNyUT 


SI9O[N [VUIISIIUION} 
-se3 poonpul-Adesioyjoulsy 
ainjound 
MOLIVUI 9U0Q JO 1908UT,y 
SI9}OYIVD 
So[Poou SNOUSALIIU] 
si9joyIeo Jopprlg 
yuounsojur poydnii9juy 


SOSnLITA 


soyIseleg wun 


eLojorg 


sojdurexg pue 
popg ounwmuy 


asvosiqT onsejdoony WIA sJUOHe Ut poyedionuy og 0} swsIURIQ BuNoIUy pue sjoojoq ounWWy [-Z] aIaVvy, 


230 


12. Infections in Lymphoma Patients 


made. This should be done promptly because sel- 
dom is it possible in patients with lymphatic neo- 
plasm to predict the infecting organism by clinical 
appearance alone. 

Patients with neutropenia are predisposed to 
skin infection with Staphylococcus aureus and 
Streptococcus pyogenes, which act as primary in- 
vaders of the intact or disrupted integument. These 
infections can be well controlled with penicillin 
(Strep. pyogenes) or a semisynthetic penicillin 
(Staph. aureus). Enteric bacilli, including Escheri- 
cia coli, Klebsiella pneumoniae, Pseudomonas aeru- 
ginosa, Enterobacter species, and Aeromonas hy- 
drophilia, also have a predilection for the 
neutropenic patient, but generally cause skin infec- 
tion secondary to bacteremic spread or entry 
through a disruption in the skin. Pseudomonas ae- 
ruginosa, which is a highly resistant organism, of- 
ten multiplies in the stool of patients receiving 
multiple antibiotics. In this situation, a cellulitis 
due to Ps. aeruginosa may commonly develop in 
the area of an anal fissure, spread rapidly, and 
subsequently lead to metastatic skin lesions by 
traveling through the blood stream. These metas- 
tatic lesions appear as the classical “ecthyma gan- 
grenosum” lesion: papular lesions with a black 
central area of necrosis. In fact, this lesion may 
be due to any of the other enteric bacilli, as well 
as to fungi such as Aspergillus species, Mucora- 
ceae, Candida species,” and Trichosporon cuta- 
neum. Subcutaneous emphysema associated with 
cellulitis, particularly on the trunk, flanks, and 
thighs, may indicate a Clostridium species infec- 
tion, but may also be caused by a gas-producing 
mixed gram-positive and gram-negative infection 
(for example, microaerophilic streptococci, E. coli, 
and Bacteroides fragilis). 

Candida tropicalis*® may produce a particularly 
fulminant syndrome in neutropenic patients, typi- 
fied by severe muscle pain and tenderness due to 
myositis and macular—papular skin lesions which 
develop dark centers. Disseminated Candida skin 
lesions may be accompanied by metastatic retinal 
lesions in the form of large, cottonball exudates, 
and this is an important sign to check for in evalu- 
ating the neutropenic patient with disseminated 
skin lesions. Disseminated skin lesions due to fungi 
require systemic treatment with amphotericin B. 
Those caused by enteric bacilli are treated with 
an aminoglycoside and carbenicillin (for Ps. aeru- 
ginosa) or cephalosporin (per sensitivity). Finally, 
infection with Staph. epidermidis? and Corynebac- 
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terium species CDC-JK®*"8 have become more 
prevalent with the use of prolonged intravenous 
catheters, particularly in the setting of prolonged 
and profound neutropenia. These two organisms 
may be widely antibiotic resistant and have been 
consistently sensitive only to vancomycin. In some 
hospitals in the United States, appreciable resis- 
tance to methicillin has appeared among Staph. 
aureus isolates and these require vancomycin. 

Patients with impairment of cellular immunity 
are vulnerable to skin infection by a different group 
of organisms. Although only aspiration or biopsy 
will reliably distinguish among Mycobacterium 
species, Nocardia, Cryptococcus, Histoplasma, Coc- 
cidioides, and Toxoplasma, generally varicella or 
herpes zoster will be clinically obvious. The latter 
two are caused by the same virus: varicella 
(chicken pox) represents an initial infection and 
herpes zoster (shingles) represents recrudence of 
a latent infection. Either may cause severe, prog- 
ressive disease in patients with lymphomas, al- 
though patients with advanced Hodgkin’s disease 
are particularly vulnerable to dissemination, and 
this risk may be increased by prior splenectomy.®? 
Clinical trials are in progress studying the effect 
of new antivirals? in the treatment of herpes 
zoster, with some promise from agents such as 
arabinosyl adenine or acycloguanine. Lesions of 
herpes zoster are occasionally confused with 
herpes simplex, but a dermatomal distribution 
(when present) and a culture of the base of the 
vesicular lesion should discriminate, whereas 
smears cannot. 

Bone, joint, and muscle lesions are caused by 
hematogenous dissemination of the same organ- 
isms causing superficial skin lesions. Aspiration 
or biopsy is necessary to make a specific diagnosis; 
this is particularly important since these deep in- 
fections require 4-6 weeks of treatment to ensure 
eradication. 


Stomatopharyngitis 


Stomatopharyngitis is a common occurrence in 
patients with lymphatic neoplasms receiving inten- 
sive chemotherapy; and it is usually due (at least 
in part) to the antineoplastic drugs, which selec- 
tively attack rapidly regenerating tissues. Often, 
however, there is a concomitant infectious contri- 
bution to the stomatitis, presumably due to mixed 
mouth flora and sometimes specifically due to Can- 
dida albicans or herpes simplex; any of these or- 


232 


ganisms can also extend downward to produce 
an esophagitis as well. It is impossible clinically 
to distinguish between purely drug toxic and infec- 
tious stomatitis, but use of smears (to look for 
Candida pseudohyphae), cytology (looking for 
herpes simplex inclusions), and culture will suggest 
the diagnosis. Treatment of herpes simplex stoma- 
titis or esophagitis is limited to symptomatic relief; 
Candida stomatitis can usually be treated with 
topical nystatin alone, but esophagitis may require 
initiation of low-dose (0.3 mg/kg/day) amphoteri- 
cin B, or Ketoconazole, 200 mg, p.o. twice a day. 

Septic-appearing neutropenic patients with 
pharyngitis must be treated as medical emergen- 
cies, with the presumptive diagnosis of an enteric 
gram-negative bacillary infection as the cause of 
the pharyngitis. These can be rapidly lethal and 
must be treated intravenously with a regimen (see 
section on treatment) that will cover Ps. aerugi- 
nosa, K. pneumoniae, and E. coli, as well as Staph. 
aureus and Strep. pyogenes. Patients with lym- 
phoma after prolonged leukopenia and antibiotic 
therapy are susceptible to rhinocerebral mucormy- 
cosis. If a black crusted lesion is visible in the 
posterior pharynx or nasopharynx, it should be 
scraped and examined by potassium hydroxide wet 
mount (to look for the broad, ribbonlike, nonsep- 
tate hyphae of Mucor)*? as well as by gram stain 
(Ps. aeruginosa may produce an identical black 
necrotic lesion). At times, however, the diagnosis 
may be suggested only by clouding of a maxillary 
sinus, and in these cases, a more aggressive surgical 
approach for diagnosis (methenamine silver stain 
will enable visualization of the broad nonseptate 
hyphae in biopsy material) and treatment must 
be undertaken. Amphotericin B should be started 
in cases of documented mucormycosis or even 
where it is strongly suspected; and antipseudo- 
monal treatment should be given as well until the 
microbial diagnosis is established. 

Patients with impaired cellular immunity are 
susceptible to particularly severe local herpes sim- 
plex lesions which may involve the whole mouth; 
but even in these patients dissemination is ex- 
tremely rare. Candida lesions in this group usually 
respond to intensive local therapy and (when possi- 
ble) decrease or cessation of the predisposing factor 
(for example, corticosteroid therapy). Mouth ul- 
cers in lymphoma patients should also suggest the 
possibility of histoplasmosis if the patient has vis- 
ited or lived in endemic areas, and these lesions 
should be biopsied as well as smeared and cultured. 
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Central Nervous System Infections 


The causes of meningitis in patients with lymp- 
hatic neoplasm differ markedly from those in the 
normal population, in whom Strep. pneumoniae, 
Neisseria meningitidis, and (in children) Hemophi- 
lus influenzae are the primary considerations. 
These organisms may occur in lymphoma patients, 
especially in those patients who have undergone 
splenectomy or have gamma globulin defects, in 
whom particularly severe and recurrent disease 
may occur, almost always due to Strep. pneumo- 
niae. With other causes of meningitis, however, 
signs in the lymphoma patient may be quite subtle: 
minimal personality changes, low-grade (or even 
absent) fever, or mild (or absent) meningismus. 
Early diagnosis requires a high index of suspicion 
and readiness to perform a lumbar puncture when 
signs are only minimal. (Platelet transfusion 
should be given prior to the spinal tap if the platelet 
count is less than 50,000/mm'). The type of infect- 
ing agent is usually predictable in suspected central 
nervous system (CNS) infections by knowing the 
type of immune defect; the possibility of neoplastic 
involvement must also be considered, particularly 
in patients with leukemic transformation of the 
lymphoma. 

Neutropenic patients are vulnerable to meningi- 
tis caused by aerobic gram-negative rods: E. coli, 
K. pneumoniae, and Ps. aeruginosa, which almost 
always cause a fulminant infection. Although neu- 
trophils are absent on gram stain, the organisms 
are readily visualized and grow rapidly in culture. 
We feel that optimal treatment includes a carbeni- 
cillin-type drug and an aminoglycoside, the latter 
given intravenously as well as directly into the 
cerebrospinal fluid (CSF)—intraventricularly 
through an Ommaya reservoir is superior to intra- 
thecal administration®+—although some research- 
ers have reported success in treating gram-negative 
bacillary meningitis with some of the third-genera- 
tion cephalosporins such as moxalactam.®® Brain 
abscess in these patients may occasionally be 
caused by enteric bacilli, but should suggest also 
infection with Aspergillus spp. or Mucoraceae. In 
cases of aspergillus brain abscess there is frequently 
an accompanying lung lesion, and conversion from 
a negative to a positive Aspergillus antibody test 
may be demonstrable. Patients with mucormycosis 
may have the rhinocerebral form, in which case 
diagnosis may be made by scraping the nasophar- 
ynx. In most cases of both aspergillosis and mucor- 
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mycosis, however, diagnosis requires brain biopsy, 
since the CSF shows a nondiagnostic response and 
the organism is rarely seen in the CSF.5 Candida 
species may cause CNS infection secondary to 
fungemia, producing either a low-grade meningitis 
or brain abscess(es). The organisms are seldom 
isolated from the CSF, and diagnosis is seldom 
made antemortem. 

Patients with T cell mononuclear phagocyte de- 
fects are susceptible to a wide range of pathogens 
capable of causing CNS infection; however, Liste- 
ria monocytogenes and Cryptococcus neoformans 
are the two most often seen.1* Listeria meningitis 
may present with subtle CNS signs, or with fever 
and bacteremia alone.*?-4+54 On gram stain of the 
CSF, this gram-positive rod may not be seen, or 
it may be mistaken for gram-positive diplococci, 
or gram-negative rods if overdecolorized. Occa- 
sionally, laboratories may identify L. monocyto- 
genes as a “contaminating diphtheroid,” but Liste- 
ria organisms are readily distinguished from 
diptheroids by virtue of their motility and their 
ability to produce hemolysis on blood agar. A criti- 
cal point in the management of immunosuppressed 
patients is that the decision regarding whether or 
not an isolate represents contamination must be 
made by the clinician and not by the laboratory; 
and in order for the physician to do this intelli- 
gently, he must be supplied with a full identifica- 
tion of organisms isolated. Treatment of Listeria 
meningitis requires prolonged administration (4 
weeks) of ampicillin or penicillin to ensure eradica- 
tion of this persistent, intracellular pathogen. Le- 
gionella pneumophila also takes advantage of cel- 
lular immune defects, but its frequency as a cause 
of meningoencephalitis remains to be determined. 

Cryptococcal meningitis may also present with 
subtle signs, and the organism may be seen on 
gram stain or India ink preparations (both should 
be done) of CSF sediment. Even in the absence 
of visualization of the organism, the diagnosis may 
be made rapidly by detection of specific capsular 
antigen, usually by using a Latex agglutination 
test. Although this may be the only means of mak- 
ing the diagnosis, in our hands in every case but 
one, whenever cryptococcal antigen was detected, 
procurement of additional CSF allowed isolation 
of the organism. Detection of antigen provides 
not only an excellent diagnostic tool, but also a 
parameter by which to gauge duration of therapy: 
we generally favor continuation of amphotericin 
B for about 1 month after the disappearance of 
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detectable antigen. Other advances in the treat- 
ment of this disease include administration of am- 
photericin B intraventricularly via an Ommaya 
reservoir and use of 5‘ -fluorocytosine.** Transfer 
factor and rifampin have been added to amphoteri- 
cin B, but there is insufficient evidence to evaluate 
their efficacy. 

Other less common causes of meningitis in lym- 
phoma patients include Histoplasma capsulatum 
and Coccidioides immitis (with history of residence 
in or travel to endemic areas) occurring in the 
setting of disseminated disease. CNS tuberculosis 
has been surprisingly rare in such patients. 

Dissemination of primary or latent toxoplasmo- 
sis frequently involves the CNS in patients with 
lymphoma, where it causes brain abscess or 
encephalitis.157 Serology may allow a presump- 
tive diagnosis when a fourfold or greater rise in 
titer is detected, but there are both false-positive 
and false-negative results. Early diagnosis is impe- 
rative because mortality is high even in treated 
cases; this not uncommonly requires brain biopsy 
after demonstration of the focal mass on computer- 
ized axial tomographic scan. Treatment is with 
sulfonamide and pyrimethamine; duration of treat- 
ment is somewhat empiric, but is at least 6 weeks. 
The presence of a brain abscess should also raise 
the suspicion of nocardiosis, particularly in the 
setting of associated pneumonia and skin lesions. 
Brain biopsy may be required for diagnosis (if there 
are no other clinically suspicious areas to biopsy), 
and may be important for therapeutic drainage. 
Treatment is with a sulfonamide with or without 
trimethoprim, and again, duration of treatment 
depends on rapidity of response, but should be 
at least 2 months. Other causes of encephalitis 
include varicella zoster (usually with obvious cra- 
nial nerve zoster) or herpes simplex (usually in 
the absence of oral lesions). Diagnosis of the latter 
usually requires brain biopsy and treatment is with 
adenine arabinoside or acycloguanine. 


Pulmonary Infections 


Pneumonias are a frequent infectious complication 
in patients with lymphatic neoplasms and may well 
be lethal in this setting. Any of the organisms to 
be discussed may present as acute diffuse pneurmno- 
nias, although this presentation is most typical of 
certain organisms that take advantage of cellular 
immune defects. Diagnosis of pneumonia is more 
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difficult in immunocompromised patients because 
the usual rapid means of making a presumptive 
diagnosis, that is, the sputum exam, is often un- 
available. The virtual absence of polymorphonu- 
clear leukocytes in neutropenic patients retards 
the production of an exudate, which results not 
only in slowing the development of physical and 
x-ray signs of pneumonia, but also reduces the 
amount of sputum produced. Furthermore, if a 
specimen is available for examination, it is often 
difficult to be sure that it represents lower respira- 
tory secretions rather than saliva; in the absence 
of polymorphonuclear leukocytes on smear, one 
must rely on the absence of normal mouth flora 
and predominance of a likely pathogenic organism 
to assess the reliability of the specimen. In patients 
with cellular immune defects there is a predisposi- 
tion to diffuse alveolar and interstitial pneumonias; 
in these cases, cough is usually nonproductive and 
sputum is unavailable. 

In all types of immunocompromised patients 
specific diagnosis is critical, and if less invasive 
tests, such as aspergillar antibodies,?*-© cryptococ- 
cal antigen,?* bronchoalveolar lavage, and direct 
fluorescent antibody,?° fail to yield a diagnosis, 
open lung biopsy has been increasingly performed. 
This is preferable to needle biopsy or aspiration 
insofar as it reduces sampling error, enables better 
control of potential bleeding and may reveal two 
or more treatable causes rather than one. Subseg- 
mental pulmonary lavage, which samples the al- 
veolar space and is performed via flexible bron- 
choscopy, appears promising and may reduce the 
number of cases requiring open lung biopsy.*5 

Neutropenic patients presenting with pneumo- 
nia are most often infected with Staph. aureus or 
enteric bacilli, and pending definitive diagnosis 
should be treated for these organisms. Mortality 
due to pneumonia associated with bacteremia may 
be as high as 76% in these patients,** and even 
higher when K. pneumoniae or Ps. aeruginosa are 
responsible. Most often these pneumonias repre- 
sent primary infection; but in certain instances, 
they may be the result of hematogenous seeding, 
for example, with Candida species.** These rarely 
cause pneumonia, but when present, hematoge- 
nously seeded Candida pneumonia will usually 
not be accompanied by organisms in the sputum. 
Cornyebacterium CDC-JK, a resistant Cornyebac- 
terium species found in certain cancer centers to 
be responsible for invasive disease in long-term 
neutropenic patients on multiple antimicrobials, 
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may also spread to the lungs and is frequently 
lethal. 

Pseudomonas aeruginosa pneumonia as well 
may develop secondary to bacteremia, usually 
from a gastrointestinal source, in which case it 
will appear as a rapidly developing peripheral, 
wedge-shaped infiltrate indistinguishable from 
Aspergillus®! or Mucorales pneumonia.*?®° The 
latter two organisms must be particularly sus- 
pected in patients who have been in the hospital 
receiving broad-spectrum antibiotics and suddenly 
develop a pneumonia. Sputums in this situation 
are unreliable since both false-negative and false- 
positive results may occur; although repeatedly 
positive sputa in a febrile patient not previously 
colonized should prompt specific therapy. Early 
diagnosis and treatment of aspergillosis may be 
possible by detection of new or rising precipitins 
to Aspergillus in prospectively collected sera; early 
treatment permits response rates of more than one- 
third of cases treated.**-6? Experimental tests for 
antigens—in either blood or bronchial washings— 
appear promising. Unfortunately, no such sero- 
logic test is available for mucormycosis. 

Pneumonia in patients with defects in cellular 
immunity may present in a variety of ways. Infec- 
tion with Nocardia asteroides**-’* generally pres- 
ents with progressive respiratory symptoms and 
necrotizing abscesses in the lung, although the 
chest roentgenogram may vary from diffuse infil- 
trative disease to solitary nodules with or without 
cavitation.?’ Repeated sputum specimens usually 
yield the diagnosis either on smear or in culture, 
provided the culture plates are kept long enough 
(21 days, since this is a slow-growing organism). 
It is critical to treat this infection promptly because 
of the organism’s predilection to involve the CNS. 

Tuberculosis*? in these patients may mimic a 
fulminant bacterial pneumonia and initial treat- 
ment for tuberculous pneumonia should utilize a 
three-drug regimen (such as isoniazid—streptomy- 
cin—ethambutol or isoniazid—streptomycin—rifam- 
pin). Preventive recommendations include purified 
protein derivative (PPD) testing of patients at the 
time of initial diagnosis and use of an additional 
battery of skin tests to assess energy in those pa- 
tients with a negative PPD skin test. In patients 
with a positive tuberculin test, or in those who 
are anergic and for whom heavy immunosuppres- 
sive treatment (especially steroids) is contem- 
plated, prophylactic isoniazid should be given for 
at least 1 year. 
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In these patients, Cryptococcus neoformans may 
be responsible for an acute interstitial pneumonia 
or for nodular lesions, but presence of organisms 
in the sputum does not necessarily correlate with 
invasive disease. A serum positive for cryptococcal 
antigen in the setting of pulmonary lesions, how- 
ever, should be considered sufficient indication to 
treat with amphotericin B. In patients with a his- 
tory or residence in or travel to endemic areas, 
primary or recrudescent Histoplasma 
capsulatum** and Coccidioides immitis1> infection 
must be considered in the differential diagnosis 
of pulmonary lesions. Neither appears to occur 
with increased frequency in imnmunocompromised 
hosts, but the severity of the disease, particularly 
as reflected in rates of dissemination, is increased 
in these patients. Skin testing is not helpful in 
either of these because the combined factors of 
high prevalence of positivity in endemic areas.and 
impairment of delayed type hypersensitivity reac- 
tions in this patient population make positive or 
negative results meaningless in the individual pa- 
tient. Serology may be useful in the diagnosis of 
either, but false-negative results are common. In 
either case, however, biopsy specimens stained 
with Giemsa or methenamine silver may permit 
diagnosis; in cases of disseminated histoplasmosis, 
bone marrow tissue has been particularly valuable 
in visualizing the organisms. 

Foremost among the organisms causing acute 
diffuse pneumonias in patients with cellular im- 
mune defects is Pneumocystis carinii, a parasite 
that appears to be a widespread latent agent. Diag- 
nosis may occasionally be made by Gram—Weigert 
stain of sputum or tracheal aspiration, but usually 
requires open lung biopsy,®-7! or the more recently 
introduced technique of subsegmental pulmonary 
lavage.** Since trimethoprim-sulfamethoxazole 
has become recognized as an effective agent in 
treating this infection,** many choose to defer open 
lung biopsy in suspected cases pending a therapeu- 
tic trial with that drug; if there is no response 
after 3-5 days and no diagnosis by other means, 
then open lung biopsy should be performed to 
search for other treatable conditions. Based on 
the clinical observation that the appearance of P. 
carinii pneumonia frequently coincides with peri- 
ods of tapering or discontinuation of steroid ther- 
apy, many centers have incorporated prophylactic 
trimethoprim-sulfamethoxazole into their treat- 
ment protocols for children with acute lymphob- 
lastic leukemia, and have noted a gratifying reduc- 
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tion in the incidence of P. carinii infections.** 
Patients with suspected or proven P. carinii pneu- 
monia should be kept in isolation because of the 
possibility of patient-to-patient spread suggested 
by a report of a cluster of cases.*? Cytomegalovirus 
and, less commonly, herpes simplex may also be 
responsible for acute diffuse pneumonias and are 
usually seen in combination with other infectious 
pneumonias in patients with far advanced 
lymphomas.®85° A rise in antibody titer or isola- 
tion of virus from sputum, blood, or lung biopsy 
does not necessarily indicate pneumonia as due 
to the virus,? which requires demonstration of typi- 
cal histopathologic changes. There is no known 
effective treatment for pneumonia due to either 
viral infection, but a variety of clinical trials with 
potential antiviral agents are currently being con- 
ducted. 


Gastrointestinal Infections 


Intra-abdominal and gastrointestinal infections in 
lymphoma patients are similar to those in the gen- 
eral population, but often present with only minor 
physical signs even in the presence of an acute 
abdominal catastrophe. This is particularly true 
in patients receiving corticosteroids, but applies 
as well to neutropenic patients. 

Neutropenia in association with thrombocy- 
topenia and chemotherapy-induced gastrointesti- 
nal ulcers would appear to predispose the patient 
to the development of sepsis with enteric organ- 
isms (E. coli, K. pneumoniae, Ps. aeruginosa, Pro- 
teus species, Enterobacter species, Aeromonas hy- 
drophila), which enter the bloodstream through 
breaks in the intestinal mucosa. In fact, autopsy 
studies in such patients have demonstrated ulcers 
in the gastrointestinal tract which contain gram- 
negative rods or Candida species and have sug- 
gested that the gastrointestinal tract is the most 
common source of bacteremia of undocumented 
origin. Clostridium species (usually Cl. perfringens 
or Cl septicum) may invade the gastrointestinal 
tract of neutropenic patients or of lymphoma pa- 
tients with bulky, necrotic tumor involving the 
bowel. The latter circumstance provides the clos- 
tridia access to an anaerobic environment of poorly 
perfused tissue and predisposes to the syndrome 
of clostridial sepsis.7* This may be indistinguisha- 
ble from that due to other organisms, or may pres- 
ent in one of two distinct forms. The classical syn- 
drome of massive hemolysis, tachycardia out of 
proportion to fever, and alertness despite hypoten- 
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sion has been the exception. More commonly, 
there is impending or intermittent obstruction fol- 
lowed by cellulitis of flanks, trunks, even thighs 
and axillae, which within hours becomes ecchy- 
motic and then crepitant. Aspiration of the border 
of the cellulitis will discriminate clostridial infec- 
tion from cellulitis due to mixed aerobic and anaer- 
obic bowel flora by revealing cherry-red fluid that 
is relatively acellular but full of large gram-positive 
rods. The gram-positive rods may even be seen 
in the peripheral blood smear. Prompt treatment 
with high-dose penicillin in association with relief 
of obstruction and removal of necrotic tissue has 
increased the survival rate to approximately 50% 
in a disease which is otherwise rapidly fatal within 
12-24 hours. 

Candida species, particularly C. albicans and 
C. tropicalis, may invade throughout the gastroin- 
testinal system, leading to clinical sepsis without 
demonstrable source. Difficulties in diagnosing in- 
vasive candidiasis infection arise from the follow- 
ing considerations: isolation of Candida organisms 
from most body sites generally reflects coloniza- 
tion; isolation from blood culture in cases of inva- 
sive disease is accomplished usually in less than 
50% of patients with ultimately proven dissemina- 
tion, and often with a delay of 3-7 days; serologic 
tests for antibody are unreliable, revealing both 
false-positive and false-negative results;?° and tests 
for circulating antigen,® cell constituents,®? and 
metabolites** are being evaluated but require con- 
firmation regarding specificity and utility in mak- 
ing early diagnoses. The question of when to initi- 
ate amphotericin B therapy in the septic patient 
without established etiology is discussed in the sec- 
tion on clinical sepsis. 

Less problematic is the approach to Candida 
esophagitis, a common problem in neutropenic pa- 
tients receiving antibiotics. In the appropriate set- 
ting, the symptoms of food sticking in the mideso- 
phagus on swallowing should suggest this 
diagnosis and prompt institution of large doses 
of nystatin (30-40 million units/day, usually fol- 
lowing a “swich and swallow” regimen). If this 
is ineffective within 24-48 hours, we proceed to 
using low-dose amphotericin B (0.3 mg/kg/day). 
Clotrimazole®® or ketoconazole have also recently 
been reported effective in refractory Candida eso- 
phagitis. We have not found esophagrams to be 
helpful (they may be negative, or reflect herpes 
simplex or bacterial esophagitis) and esophagos- 
copy may result in sepsis? or perforation. 
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Defects in cellular immunity predispose to par- 
ticularly severe syndromes involving Salmonella 
species’5 and Strongyloides stercoralis.7*8 Non-ty- 
phi serotypes of Salmonella, which almost exclu- 
sively cause enteritis in normal hosts, usually cause 
a septic syndrome in patients with leukemia and 
lymphoma and may be responsible for a focal in- 
fection as well, frequently with localization in neo- 
plastic tissue. When the disease is limited to a 
gastroenteritis in the immunocompromised host, 
it is generally severe and should be treated to pre- 
vent the development of sepsis. The antibiotics 
consistently effective in vivo against salmonellae 
have been ampicillin, trimethoprim—sulfamethoxa- 
zole, and chloramphenicol. 

Strongyloides stercoralis is capable of producing 
a severe hyperinfection syndrome, particularly in 
patients receiving steroids, at a time remote from 
the initial infection, owing to its ability to persist, 
autoinfect, and multiply within the human host. 
In addition to abdominal pain with ileus and dis- 
tention, the patient with disseminated disease may 
manifest fever, polymicrobic sepsis, pulmonary 
symptoms and infiltrates, and neurologic dysfunc- 
tion due to mixed microbial meningitis; all are 
caused by either the carriage of bacteria along with 
larvae, or their penetration into the circulation 
through Strongyloides-induced gut ulceration.*7 
At this point, large numbers of characteristic lar- 
vae may be identified in stool, sputum, or CSF, 
but the disease may rapidly progress despite initia- 
tion of thiabendazole therapy. Hence, it is prefera- 
ble to identify the presence of Strongyloides infec- 
tion at a time when symptoms are absent or 
minimal. Unexplained eosinophilia and a history 
of birth in or travel to endemic areas should sug- 
gest the possibility, which is pursued by examina- 
tion of stool and duodenal samples, the latter col- 
lected using the Enterotest.5 Some investigators 
have suggested presumptively treating with thia- 
bendazole for 2 days when dealing with patients 
with the appropriate residence or travel history, 
prior to initiation of steroid treatment. Cytomega- 
lovirus may also cause enteritis and ulcers of the 
gastrointestinal tract; diagnosis is accomplished 
only by biopsy and treatment remains experimen- 
tal. 


Genitourinary Infections 


Genitourinary infections in immunocompromised 
hosts resemble those in the general population, 
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although a few distinguishing points need to be 
considered. In immunocompromised patients, uri- 
nary tract infections occur more frequently and 
Candida isolates are more likely to represent true 
infection with potential to disseminate. This re- 
flects not only the underlying disease or chemoth- 
erapy, but, just as importantly, factors such as 
manipulative procedures, indwelling catheters, 
prolonged antibiotic treatment with suppression 
of normal flora, and urinary tract obstruction due 
to intra-abdominal or pelvic neoplasms. 

The usual enteric bacilli and enterococci are 
seen most often as urinary pathogens, but Serratia 
marcescens and Staph. epidermidis may appear 
in clusters, particularly in intensive care units, and 
Ps. aeruginosa presents the greatest therapeutic 
challenge as more sensitive organisms are eradi- 
cated by less toxic antibiotics. Even with Ps. aeru- 
ginosa, however, the likelihood of surviving a bac- 
teremia is much higher when the source is the 
urinary tract rather than the lungs or gastrointesti- 
nal tract® because of the relative ease of ensuring 
drainage. Pseudomonas aeruginosa infection may 
also originate in the vagina of neutropenic patients, 
where it presents as rapidly progressing cellulitis 
with central necrosis. Appropriate antibiotics and 
debridement usually only contain the infection un- 
til the leukocyte count returns, at which point the 
necrotic tissue will slough as the infection is elimi- 
nated. 

In the neutropenic patient with suspected uri- 
nary tract infection, pyuria is absent, but a gram 
stain can rapidly supply a presumptive diagnosis. 
Visualization of bacteria on a fresh centrifuged 
urine sample reflects a colony count of approxi- 
mately 1 X 1104/ml, and this is considered signifi- 
cant in the neutropenic patient. The same sort 
of guideline cannot be given for Candida species 
in the urine, although large numbers of organisms 
in a neutropenic patient should be regarded as 
significant. Renal failure may develop with ad- 
vanced Candida infection, either due to renal re- 
placement or in association with obstruction due 
to fungus balls. Patients with indwelling Foley 
catheters are particularly prone to this, and ob- 
struction can occur at either the level of the ureter- 
ovesical junction or in the renal tubules. If the 
blockage is low, bladder irrigation with 50 mg 
amphotericin B per liter 5% dextrose in water 
may be effective; otherwise, low-dose (20-30 mg/ 
day) systemic amphotericin B (although a renal 
toxic drug) can be lifesaving. 
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Therapeutic Approach in Clinical 
Sepsis 


If time permits and the source of infection can 
be identified so that an organism can be isolated, 
therapy can be determined by the antimicrobial 
sensitivity pattern of the offending organism(s). 
The antimicrobial agents of choice for organisms 
that commonly infect patients with lymphatic neo- 
plasms are listed in Table 12-2; the usual doses 
administered are given in Table 12-3. Certain of 
the recommendations may vary among hospitals 
depending on local resistance patterns. 

In the many instances when specific microbial 
diagnosis is not yet available or cannot be made, 
a presumptive diagnosis must be made to permit 
a rational decision regarding therapeutic interven- 
tion. A presumptive microbial diagnosis is made 
on the basis of the underlying disease and therapy, 
prior or concurrent antimicrobial therapy, previ- 
ous infection with latent organisms, environment 
(including presence of catheters and prosthetic de- 
vices, as well as community versus in-hospital ac- 
quisition of infection), and, most importantly, mi- 
croscopic examination (by gram stain, potassium 
hydroxide preparation, AFB stain) of any relevant 
body fluids or exudates. 

It is frequently necessary to begin treatment 
of suspected infection with no clue as to the causa- 
tive pathogen other than that suggested by the 
underlying immune defect. This is particularly true 
in neutropenic and splenectomized patients, in 
whom fulminant sepsis can be lethal within 12- 
24 hours. It is less often the case in patients with 
cellular immune defects, in which case time is usu- 
ally available to investigate possible causes; al- 
though it should be remembered that in these pa- 
tients tuberculosis and strongyloidiasis can be 
fulminant infections. 


Drug Regimens 


Suggested empiric regimens for initial treatment 
of clinical sepsis are outlined in Table 12-4. Neu- 
tropenic patients generally receive a regimen in- 
cluding an antipseudomonal penicillin and an ami- 
noglycoside. A primary antistaphylococcal drug 
(semisynthetic penicillin, cephalosporin, or vanco- 
mycin) should be used in strongly suspected or 
documented Staph. aureus infection, but pending 
positive cultures for Staph. aureus, an aminoglyco- 
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TABLE 12-2 Antimicrobial Agents of Choice for Specific Microorganisms 
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Organism 


Drug of Choice 


Alternatives 


Gram-positive cocci 
Streptococcus pyogenes or pneu- 
moniae 
Anaerobic stroptococci 


Staphylococcus aureus 


Staphylococcus epidermidis 


Gram-positive bacilli 
Clostridium perfringens 


Listeria monocytosis 


Cornyebacterium DCD-JK 
Gram-negative bacilli 
Hemophilus influenzae 


Legionella pneumophila 
Salmonella (non-typi) 


Escherichia coli 


Klebsiella pneumoniae 


Proteus mirabilis 


Pseudomonas aeruginosn 
Acinetobacter 
Bacteroides 


Enterobacter 


Mycobacteria 
Mycobacterium tuberculosis 


Nocardia 


Fungi 
Cryptococcus 


Candida species 

Aspergillus 

Coccidioides 

Histoplasma 
Protoza 


Pneumocystis carinii 


Toxoplasmosis 
Strongyloides 


Penicillin 
Penicillin 
Penicillinase (resist penicillin) 


Vancomycin 


Penicillin 


Ampicillin, penicillin ¢-/— Gent)? 


Vancomycin 


Chloramphenicol, ampicillin (if 
B-lactamase negative) 

Erythromycin +/— Rifampin 

Ampicillin, amoxicillin 


Aminoglycoside 


Aminoglycoside 


Ampicillin 


Aminoglycoside with carbinicillin 

Aminoglycoside 

Clindamycin (penicillin for orophar- 
yngeal infection) 

Aminoglycoside 


Isoniazid, ethambutal, rifampin 


Sulfonamide, trimethoprim-sulfa- 
methoxazole 


Amphotericin B® with 5’-fluorocyto- 
sine 

Amphotericin B 

Amphotericin B 

Amphotericin B 

Amphotericin B 


Trimethoprim-sulfamethoxazole 


Pyrimethamine-sulfonamide 
Thiabendazole 


Erythromycin, cephalosporins 


Tetracyclines, erythromycin, vanco- 
mycin, clindamycin 

Vancomycin, cephalosporin, clinda- 
mycin 


Tetracyclines, choramphenicol, 
cefoxitin, clindamycin, cephalo- 
sporins 

Erythromycin, chloramphenicol, 
tetracyclines 


Trimethoprim-—sulfamethoxazole, 
cefamandole 

Tetracyclines 

Chloramphenicol, trimethoprim— 
sulfamethoxazole 

Ampicillin, cephalosporin, chloram- 
phenicol, trimethoprim-sulfa- 
methoxazole 

Cephalosporin, chloramphenicol, 
trimethoprim—sulfamethoxazole 

Cephalosporin, Aminoglycoside, 
chloramphenicol, trimethoprim— 
sulfamethoxazole 

Moxolactam, colistin 

Minocycline, TMP-sulfa 

Chloramphenicol, cefoxitin, metro- 
nidazole 

Chloramphenicol, TMP-sulfa, 
cefamandole, carbenicillin 


Isoniazid plus one or two of the fol- 
lowing: streptomycin, p-amino- 
salicylic acid, pyrazinamide, cy- 
closerine, ethionamide, kanamy- 
cin, capreomycin 


Cycloserine, minocycline, ampicillin 
erythromycin 


Miconazole 
5’-Fluorocytosine, ketoconazole 


Ketoconazole 


Pentamidine, pyrimethamine-sul- 
fonaminde 
Pyrvinium pamoate 
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TABLE 12-2 (con’t) Antimicrobial Agents of Choice for Specific Microorganisms 


Organism Drug of Choice Alternatives 
Viruses 
Varicella zoster Adenine arabinoside Acycloguanine 
Herpes simplex Adenine arabinoside Acycloguanine 
Cytomegalovirus Adenine arabinoside Acycloguanine 


side may be sufficiently effective to contain the 
infection. A cephalosporin is often added in hospi- 
tals where K. pneumoniae is a common infecting 
organism for the theoretical possibility of en- 
hanced effectiveness. Increased renal toxicity with 
a ceophalosporin-aminoglycoside combination re- 
mains to be proved for the newer cephalosporins 
and is even questionable with cephalothin. The 


role of new, investigational third-generation ce- 
phalosporins is not clear. They may provide an 
alternative to carbenicillin/ticarcillin in patients 
who are penicillin allergic. If used, we favor their 
use in conjunction with an aminoglycoside rather 
than as sole therapy for patients who are neutro- 
penic. 

In patients with lymphomas involving the gas- 


TABLE 12-3 Usual Dosages of Antimicrobial Agents 


Usual Daily Dose (mg/kg) 


Dosing Interval 


Drug (in grams/day) (hours) @ 
Amikacin 15 q12 or g8 
Ampicillin 200 (12)® q6 or q4 
Amphotericin 1 Once daily 
Carbenicillin 400-600 (30-40) q4 
Chloramphenicol 50-100 (4) q6 
Clindamycin 30-40 (2-3) q6 
Cefamandole 100-200 (12) q6 
Cefazolin 50-100 (6) q6 or q4 
Cefoxitin 100-200 (12) q6 or 4 
Cycloserine 15 (0.75~1) q6 or 12 
Erythromycin 15-50 (4) q6 
Ethambutol 15 Once daily 
Ethionamide 10-15 (0.5-1) q8-24 
5’-Fluorocytosine 150 q6 
Gentamicin/tobramycin 5 q6 
Isoniazid 3-5 (0.3) Once daily 
Moxolactam 50-200 (4-12) qs 
Oxaxillin/nafcillin 100-200 (12) q6 or 4 
PAS 200 (10-12) q8-24 
Penicillin G 20,000,000 units/day q6 or q4 
Pyrimethamine (25 mg) after 100 mg load 
Pentamidine 4 Once daily (14 days) 
Pyrazinamide 25 (maximum 2.5) Once daily 
Sulfonamide Varies with drug 
Rifampin 9 (0.6) Once daily 
Streptomycin (for tuberculosis) 15 (1) ql2 or q24 
Tetracycline 10-20 (1) q6 
Thiabendazole 50 Twice daily (2 days) 
Ticarcillin 250-300 q4 


Trimethoprim-sulfamethoxa- 
zole¢ 
Vancomycin 


1 tablet/4 kg (for Pneumocystis) 
2 tablets bid (for other) 
(4) 


* Shorter interval recommended for neutropenic patients. 


> Dose in g/day is given in parentheses. 


> Each tablet contains 80 mg trimethoprim and 400 mg sulfamethoxazole. 


q6 or g8 


q6 
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TABLE 12-4 Suggested Regimens for Empiric Treat- 
ment of Sepsis 


Drug Dosage 


Oxacillin® ® 50.0 mg/kg i.v. q6 hours 


Cefazolin® 50.0 mg/kg i.v. q6 hours 
Gentamicin ¢ ®¢ 1.25 mg/kg i.v. q6 hours 
Amikacin° 5.0 mg/kg i.v. q8 hours 
Tobramycin*® 1.25 mg/kg i.v. q6 hours 
Carbenicillin® 4 85.0 mg/kg 1.v. q4 hours 


@ For presumed sepsis. 

> When neutropenia is present (oxacillin or cefazolin can be 
omitted in the absence of pneumonia or skin lesions). 

© According to susceptibility patterns, gentamicin, amikacin, 
or tobramycin can be used in a particular hospital. *** Third- 
generation cephalosporin 

4 Ticarcillin. 


trointestinal tract or gynecologic tract, coverage 
for Bacteroides fragilis or Clostridium species 
should be considered, although carbenicillin or ti- 
carcillin may cover these organisms. If docu- 
mented, however, B. fragilis should be treated with 
chloramphenicol, clindamycin, metronidazole or 
cefoxitin, and Clostridium species are optimally 
treated with large doses of penicillin G. Splenec- 
tomized patients need presumptive treatment for 
Strep. pneumoniae, Neisseria meningitidis, and He- 
mophilus influenzae; penicillin or ampicillin in 
high doses should be started promptly after cul- 
tures are drawn, and if the situation is acute, chlo- 
ramphenicol should be used for possible ampicil- 
lin-resistant H. influenzae. 

Considerably more difficult than the decision 
regarding initial treatment in neutropenic patients 
without a documented source of infection are the 
following questions: How long should antibiotics 
be continued? When is a change in antibiotics indi- 
cated? When should treatment of possible fungal 
superinfection be started? There is little definitive 


information, but on the basis of clinical experience. 


and scattered clinical studies, several guidelines 
can be suggested. In one controlled study**® of pa- 
tients on a pediatric service it was found that dis- 
continuation of antibiotics after defervescence with 
continued neutropenia often led to recurrence of 
fever, which then responded to the same antibiotic 
regimen. The researchers concluded that antibiot- 
ics should be continued in these patients until the 
neutrophil count returned to greater than 500/ 
mm}, They failed to indicate, however, how soon 
after defervescence antibiotics were stopped; an 
alternative approach that we have found useful 


M. Gersten and D. Armstrong 


is to continue antibiotics for 3-5 days after de- 
fervescence and then stop them one at a time, 
2448 hours apart, reserving the aminoglycoside 
to be stopped last. 

The situation is quite different in a patient who 
fails to defervesce. If the patient appears clinically 
stable and the temperature is no higher, or perhaps 
somewhat lower than initially, it may be assumed 
that the antibiotics are suppressing the infection, 
but in the absence of neutrophils are unable to 
eradicate it. It is hazardous to stop antibiotics in 
these patients, but mere persistence of fever does 
not always indicate the necessity for altering the 
regimen. At other times, bacterial superinfection 
may be suspected and the regimen altered accord- 
ingly. For instance, several institutions have noted 
superinfection with Corynebacterium CDC- 
JK,55-66.78 which may be anticipated by surveil- 
lance culturing of long-term neutropenic patients; 
vancomycin must be added when this organism 
is suspected. In other situations, it may be known 
that a certain resistant organism such as Serratia 
marcescens occurs frequently on a particular ward, 
and failure of a patient to defervesce may prompt 
inclusion of an antibiotic to cover that organism. 


Treatment of Fungal Superinfection 


Development of fungal superinfection is suggested 
by certain clinical pictures, and usually, although 
not necessarily, does not occur earlier than day 
7-10 of treatment with a broad-spectrum antibiotic 
regimen. Defervescence with subsequent fever 
spikes several days later, or a stable fever curve 
with subsequent higher fever spikes, strongly sug- 
gest fungal superinfection, particularly if associ- 
ated with new pulmonary lesions (in aspergillosis) 
or skin or eyeground lesions (in candidiasis). Un- 
fortunately, none of these is reliably present, and 
often one must make a decision on clinical grounds 
along. Autopsy studies have revealed frequent 
Candida involvement of the gastrointestinal tract 
of neutropenic patients who had been receiving 
broad-spectrum antibiotics, and as a consequence, 
we are inclined to start amphotericin B earlier 
rather than later. Once started, it should be given 
so that therapeutic doses may be attained within 
24 hours: a test dose of 1 mg in 250 ml 5% dextrose 
in water i.v. over 1-2 hours is given, which, if 
tolerated, should be followed immediately by in- 
crements of 5-10 mg every 6 hours up to 1 mg/ 
kg/day. After the patient stabilizes the drug may 
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be given every other day at a dose of 1.5 mg/ 
kg. If the patient develops an anaphylactoid reac- 
tion to the 1-mg test dose, then 0.1 mg should 
be given as the first dose, with increments of 0.5- 
5 mg every 6 hours to attain 1 mg/kg in 48 hours. 
We prefer to avoid premedication with hydrocorti- 
sone (used to prevent fever and chills) insofar as 
it renders the fever chart difficult to interpret. We 
have found that meperidine administered during 
the infusion, when an episode of rigors occurs, 
is effective in aborting it. 


Preventive Measures 


Experimental methods such as protected environ- 
ment,'©37,79 oral absorbable and nonabsorbable an- 
tibiotics,!4+2879 and leukocyte transfusion®’:?? have 
been tried in neutropenic patients and found incon- 
sistently effective. Since they involve expense and 
danger as well as discomfort and inconvenience, 
they should remain experimental until further 
studies demonstrate a conclusive advantage. 

Attempts at protective immunization have been 
undertaken against Ps. aeruginosa™ and varicella 
zoster.3° The latter seems promising, but the for- 
mer failed to provide long-lasting immunity and 
patients’ lives were not prolonged. Hyperimmune 
globulin protects against varicella zoster if given 
early (within 72 hours) after exposure.® Use of 
prophylactic isoniazid for tuberculosis and pre- 
sumptive treatment of Strongyloides stercoralis 
with thiobendazole-in appropriate patients are ef- 
fective preventive methods and have been dis- 
cussed earlier. Live vaccines (measles, rubella, Sa- 
bin polio immunization) should not be 
administered to immunocompromised patients. 
The preventive measures that are most effective, 
are applicable to all patients, and are the simplest 
to provide: hand washing by all personnel between 
patients, scrupulous care of catheters, frequent 
changing of intravenous catheters, and general 
avoidance of manipulative measures whenever pos- 
sible. 


Summary 


Patients with lymphatic neoplasms are susceptible 
to severe and unusual infections by virtue of both 
their underlying diseases and the therapeutic mea- 
sures undertaken in their care. Signs and symp- 
toms are often subtle and require a high index 
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of suspicion, since early diagnosis and treatment 
is of the essence in these patients. The specific 
etiologic agent cannot always be identified and ini- 
tial treatment of a suspected infection can often 
be selected only on the basis of the patient’s known 
immune defects. Several guidelines are offered for 
initial therapy and, depending on the response, 
for continued treatment of infection in patients 
with lymphatic neoplasms. Prophylactic treatment 
with INH or thiabendazole in selected cases can 
prevent the development of severe syndromes in 
patients on immunosuppressive therapy; but the 
most important preventive measures remain hand- 
washing by personnel, scrupulous care of cathet- 
ers, and avoidance of manipulative procedures 
whenever possible. 
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CHAPTER 13 


Radiologic Approach to Diseases of 


the Lymph Nodes 


Renato Musumeci and Bruno Damascelli 


The radiologic study of diseases of the lymph 
nodes offers a series of procedures for use in ra- 
tional strategies designed to determine whether or 
not disease is present, to assess its nature, and 
to assess its extent. The choice of approach de- 
pends on the cost-benefit ratio and on which inves- 
tigation or series of investigations is considered 
most likely to answer the relevant questions. Most 
traditional radiologic procedures furnish indirect 
answers in that they permit an assessment of the 
changes induced in the organs or systems under 
study by neighboring lymph node alterations. Oth- 
ers provide dimensional information only, demon- 
strating nodal enlargement, often with little or no 
clue as to the cause. Only lymphangiography, by 
directly contrasting the intrinsic lymph node archi- 
tecture, can supply simultaneous information on 
the presence, nature, and extent of disease. In on- 
cology it is the third point that is most important, 
because the diagnosis of disease is as a rule sus- 
pected clinically, suggested radiologically, and 
confirmed by histologic and/or laboratory investi- 
gations. 

In this process the radiologist is responsible for 
continually comparing the radiologic findings with 
the clinician’s, in order to (a) provide objective 
evidence for them, (b) suggest surgery, where nec- 
essary; (c) suggest the most suitable site for biopsy; 
or (d) point out the existence of intercurrent dis- 
ease, a complication or a particularly high-risk 
site. 


Plain Film 
Superficial Lymph Node Sites 


The diagnostic value of plain film depends upon 
the body site under study. All the superficial lymph 
node groups can be examined radiologically, but 


the findings are usually quite nonspecific and cer- 
tainly not diagnostic. What we see is a mass of 
uniform opacity with blurred outlines distorting 
the normal anatomy of the region and canceling 
the adipose-fascial and subcutaneous planes. 
There are no criteria for distinguishing whether 
a swelling is of nodal or other nature, unless the 
opacities are due to calcification or ossification 
within a single node. The pathologic conditions 
that may lead to calcification or ossification of a 
lymph node are listed in Table 13-1. All, except 
tuberculosis, are uncommon.?:*4 

Some workers***+7 suggest using xeroradiog- 
raphy, especially for the axillary region (Figure 
13-1). In the experience of Kalisher*? the signs 
are as follows: 


1. Inflammatory lymph nodes: diameter exceeding 
2 cm, densely opaque, with angular and irregu- 
lar borders 

2. Metastatic lymph nodes: diameter exceeding 
2.5 cm, dense, with lobulated, infiltrated bor- 
ders, tending to become matted, with loss of 
the pericapsular fat line 

3. Hyperplastic lymph nodes or nodes with lym- 
phoma: much increased diameter, smooth, with 
intact capsule and pericapsular fat line. 


In one series of breast cancer patients the Kalisher 
et al.44 found that the accuracy of xerography in 
the axillary lymph nodes was 68%, with 29% false 
negatives—trates statistically similar to those of 
clinical examination. 


Chest 


The intrathoracic lymph nodes are among the 
most commonly affected of the entire lymphatic 
system both by primary and by secondary disease 
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TABLE 13-1 Pathologic Conditions with Calcifi- 
cation or Ossification of the Lymph Nodes 


Tubercolosis 

Histoplasmosis 

Ovarian carcinoma metastatic (psammoma bodies) 
Osteogenic sarcoma metastatic (ossification) 
Irradiated Hodgkin’s disease 


(Figure 13-2). The technique of chest radiography 
must be simple but of a high standard in order 
to extract all the information needed for a correct 
diagnosis. The minimal approach requires filming 
in the orthogonal views. Posteroanterior frontal 
film is undoubtedly the most “legible” if the high- 
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voltage technique and antidiffusory grid are used. 
This method evidences the various shadows that 
make up the mediastinal image, and modest varia- 
tions from the norm suggest lymph node involve- 
ment. Tomography should be used at the radiolo- 
gist’s discretion in the assessment of doubtful or 
vaguely pathologic images in order to confirm or 
exclude disease, and establish its precise site and 
pattern for the purpose of differential diagnosis. 
It is very important to recognize any changes of 
other etiology in the lungs, pleurae, bronchi, or 
mediastinum that may explain the enlargement 
of several node groups. The chest film should al- 
ways be examined in its entirety and any unusual 


FicurE 13-1 Xeroradiography 
of the axilla: calcified metastatic 
lymph nodes from ovarian carci- 
noma. 
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Figure 13-2 Neoplastic enlargement of the thoracic 
lymph nodes in nodular sclerosing Hodgkin’s disease. 
(a) Bilateral involvement of paratracheal and prevascu- 
lar nodes and left pulmonary root. (b) Enlargement of 
right paratracheal nodes with bronchial compression 
and lung hypoventilation. (c) Bilateral involvement of 
paratracheal, prevascular, pulmonary, and hilar nodes; 
subcarinal nodes also appear enlarged. 
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image detected and interpreted. The various patho- 
logic conditions that may lead to enlargement of 
the mediastinal and/or hilar lymph nodes are 
listed in Table 13-2.9° Some workers favor using 
xerotomography for the simultaneous evaluation 
of adenopathies and concomitant bronchial or pul- 
monary lesions,” but it has not resulted in signal 
improvement. 

Standard radiography and tomography may be 
supplemented from time to time by other radio- 
logic procedures, simple or sophisticated, in order 
to make the diagnosis more specific. These include 
radioscopy, barium opacification of the esophagus, 
arteriography or venography, and computerized 
tomography (CT). These procedures are discussed 
under separate headings, but it is worth noting 
here that esophagography is particularly useful in 
establishing the presence of a subcarinal or retro- 
tracheal mass large enough to alter the course and 
contour of the esophagus. Paraesophageal, para- 
aortic and interesophagoaortic swellings can like- 
wise be detected from their repercussions on the 
contrasted viscus. 

The first step in interpreting plain films is to 
identify the normal and actual positions of the 
various mediastinal borders. Adenopathies alter 
the borders, making them either retract or, more 
often, project. Such findings are not specific for 
lymph node diseases and may be simulated by me- 
diastinal alterations of other etiology. Further- 
more, adenopathies can be detected on plain film 
or tomograms only when the nodes are large 
enough to deform the mediastinal borders, which 
are basically reflections of the pleura on the lung. 
Thus, according to Blank and Castellino,’ “‘in plain 
film findings we are usually dependent on recogniz- 
ing distortions of the ‘wrapper’ (the mediastinal 
pleura) in order to recognize the presence of a 
mediastinal mass.” CT, on the other hand, demon- 
strates the mediastinal contents and the presence 
of lymph node disease, regardless of the state of 
the wrapper. In disease of the intrathoracic lymph 
nodes these simple traditional radiologic proce- 
dures are still paramount,”:2568 for they permit 
reliable low-cost diagnoses that are easily repeated 
and compared. Serial follow-up is also easy, pro- 
vided that every film is of high quality. 

Of all the intrathoracic lymph node diseases, 
the lymphomas undoubtedly have the highest 
incidence.”3!-68 In Table 13-3 the results of chest 
examinations at onset of disease in 200 patients 
with Hodgkin’s disease and non-Hodgkin’s lym- 
phoma are presented, showing the high incidence 
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TABLE 13-2 Méediastinal and/or Hilar Lymph Node Englargement 


Common 


Rare 


Broncogenic carcinoma (mainly undifferentiated) 


Leukemia-lymphoma 
Metastatic disease 
Tuberculosis 
Sarcoidosis 


Pneumoconiosis (egg shell) 


Fungus disease 

Bacterial infection 
Connective tissue disorders 
Histiocytosis X 

Benign lymphoid disorders 
Parasitic disease 

Viruses 

Drugs 
Agammaglobulinemia 
Erythema nodosum 
Wegener’s granulomatosis 
Idiopathic 


Adapted from Wood.°% 


of intrathoracic involvement in these diseases, es- 
pecially Hodgkin’s disease, and the various lymph 
node groups involved. Nodal involvement usually 
signifies considerable enlargement, which makes 
detection and diagnosis easy, but some strategic 
sites or very small nodes can only be picked out 
by tomography or CT. The possibility of concomi- 
tant disease superimposed on lymph node disease 
must never be ignored: the various intrathoracic 
signs must be carefully analyzed to exclude or con- 
firm this. In Hodgkin’s disease the extent of me- 
diastinal lymph node involvement also has prog- 
nostic value,®4 as does hilar involvement.2 A 
formula has been devised for measuring this 
“bulky disease,”54 which significantly affects 
survival5+.4 (Figure 13-3). 


Abdomen and Retroperitoneum 


Plain films of the abdomen may be of some diag- 
nostic value but they are less convincing than chest 
films; although of some interest, they are not 
indispensable.718-31.68 Excluding cases of calcifica- 


tion, which have already been alluded to (Table 
13-1), there are some very characteristic images 
suggestive of lymph node diseases. The nodal mass 
may be identified when it is large enough to deform 
or obliterate the adipose planes surrounding the 
various upper retroperitoneal and pelvic parenchy- 
mal organs and muscles. Deformation or oblitera- 
tion of the margin of the psoas and/or displace- 
ment of the kidneys, usually upward and outward, 
may be observed. Gaseous images in the stomach 
or intestine are likewise displaced. The shape and 
size of the liver and spleen and the status of the 
skeletal framework may also be observed on plain 
film, which thus provides additional relevant infor- 
mation for more precise diagnosis. 


Lymphangiography 


Lymphoma 


Lymphangiography is still an important tool in 
hematology. Notwithstanding the introduction of 
ultrasound and CT, it is still essential in the diag- 


TABLE 13-3 Chest Involvement in. Hodgkin’s Disease and 
Non-Hodgkin’s Lymphoma at Disease Presentation 


Hodgkin’s Non-Hodgkin’s 
Disease Lymphoma 
Involvement (%) (%) 
Normal 39 55 
Abnormal 61 45 
Mediastinal adenopathy 93 82 
Hilar adenopathy 33 18 
Lung 16 8 
Pleura 8 18 
Bone 3 2 
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FiGuRE 13-3 Mediastinal Hodgkin’s disease: nonbulky compared to bulky. (a) Scheme for measurement. (b) 


Nonbulky disease. (c) Bulky disease. 


nosis of Hodgkin’s disease. In non-Hodgkin’s lym- 
phomas, on the other hand, given the number and 
incidence of unopacifiable intraperitoneal sites and 
the size usually attained by these nodes, lymphan- 
giography will probably be superseded by ultra- 
sound or CT.‘ 

The lymphangiographic signs on which the di- 
agnosis of lymph node involvement is based are 
now standardized. The salient findings are as fol- 
lows: 


1. Node size: Although structural changes in nor- 
mally sized lymph nodes are frequently found, 
enlargement, often to a marked degree, occurs 
in 70% of cases of Hodgkin’s disease and in 
87% of non-Hodgkin’s lymphomas. 

2. Contrast distribution within the nodes: Altered 
distribution presents radiologically as foami- 
ness. Although not peculiar to lymphoma, it 


is fairly typical, especially when associated with 
enlargement (Figure 13-4). 


. Filling defects: These occur when areas of nodal 


parenchyma are replaced by lymphomatous tis- 
sue, with obliteration or compression of the 
medullary sinusoids. They are more frequent 
and pronounced in Hodgkin’s disease, espe- 
cially in the nodular sclerosis subtype. 


. Reticular pattern: In non-Hodgkin’s lymphoma 


the lymph nodes are enlarged and the contrast 
medium presents a rough and irregular reticular 
pattern. 


. Status of the lymphatic pathways: In over 60% 


of non-Hodgkin’s patients the lymphatics are 
perfectly normal. Only 4% present signs of 
lymph block with collateral circulation. 


. Extent of nodal involvement: Whatever the his- 


totype, non-Hodgkin’s lymph node involve- 
ment is usually extensive, including several 
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node groups. Topographically, of the various 
inguinal and retroperitoneal lymph node 
groups, the ones most affected in Hodgkin’s 
disease are the central nodes in the para-aortic 
chains. Inguinal involvement is somewhat 
rarer, except in the predominantly lymphocytic 
histotype, in which 30% of pathologic cases 
have such involvement. In non-Hodgkin’s lym- 
phoma the incidence of deep central and periph- 
eral involvement is about equal.®8-7097 


In patients with Hodgkin’s disease about 25% of 
examinations are pathologic at the onset, 16% in 
supradiaphragmatic clinical stage I and 17% in 
stage II. The positive rates in non-Hodgkin’s lym- 
phoma are quite different: 44%, 29% in supradia- 
phragmatic stage I and 16% in stage II.1669.70 
In patients who have undergone diagnostic lap- 
arotomy with retroperitoneal lymph node biopsy 
the accuracy of lymphangiography is reported to 
be very high: from 90% to 92%.1*® In a recent 
review of 558 patients, most of whom had Hodg- 
kin’s disease, we found that diagnostic accuracy 
was 96%.7° Despite the argument between advo- 
cates of lymphangiography and those of the newer 
technologies, it is safe to say that for the lymph 
node groups that can be opacified lymphangiogra- 
phy still has the edge over CT and ultrasound 
in detecting the spread of lymphoma;?® the accu- 
racy rates are 96% for lymphangiography, 85% 
for CT, and 88% for ultrasound.!? The two nonin- 
vasive methods are obviously in principle superior 
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Ficure 134 _ Direct radiographic 
magnification of non-Hodgkin’s 
lymphoma demonstrates the typi- 
cal foamy appearance. 


to lymphangiography in that they permit explora- 
tion of regions inaccessible to the older procedure. 
The present impression is that all three methods 
are in fact complementary, each making up for 
the shortcomings of the others and in combination 
ensuring comprehensive and reliable intra- and 
retroperitoneal staging of lymphoma (Figure 13- 
5). 

In lymphoma, lymphangiography is still, in our 
view, mandatory regardless of histology, age, gen- 
eral health, and presentation of the disease. The 
contraindications are very few, the only important 
one being cardiac interatrial communication with 
right-to-left shunt, because of the risk of systemic 
oily embolization. 


Carcinoma 


The cardinal radiographic signs of lymph node 
metastases from a solid tumor may be divided into 
two groups:® 3 (a) direct imaging of the metasta- 
sis; and (b) indirect evidence from the lymph ves- 
sels both close to and distant from the affected 
nodes. The principal finding is an opacification 
defect, usually combined with enlargement of the 
node. The defect is usually marginal or at least 
eccentric, often with a gap in the contour of the 
node due to the obliteration of the marginal sinus. 
The defect is due to the replacement of the lymph 
node parenchyma by neoplastic tissue impenetra- 
ble to the contrast medium. A characteristic sign 
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FiGureE 13-5 Complementary methods used in the di- 
agnosis of Hodgkin’s disease. (a) Lymphagiogram show- 
ing equivocal involvement of the right upper para-aortic 
region. (b) CT of the same patient showing a huge nodal 
mass that is not opacified in the same region. 


in the early phase is the absence of the radiopaque 
striations that represent the filling of the lymph 
node sinus with iodized oil.6%98 

In addition to direct imaging of the metastasis, 
indirect signs pointing to changes in the lymph 
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vessels are contributory. The radiologic signs of 
an obstruction to lymph drainage are 


1. Dilatation of the vessels before the obstruction 

2. Prolonged and persistent filling of the vessels 

3. Perilymphatic extravasation of contrast me- 
dium 

4. Filling of vessels not normally visible. 


Both classes of signs are of equal importance 
in the diagnosis of metastatic spread and the pat- 
tern must be assessed as a whole; the data from 
both early and late phases should be considered. 
Knowledge of the nature and site of the primary 
tumor is essential because information on the 
lymph drainage of the organ and on the frequency 
and preferential sites of metastasization may sug- 
gest which nodal groups are most at risk and hence 
require closest attention. 

Numerous factors reduce the reliability of the 
investigation: 


1. Lymphangiography does not visualize all the 
nodal groups that may be the site of metastases. 

2. Even in the groups known to be reached by 
the contrast medium, some may not opacify. 

3. To be detected in opacified lymph nodes, a me- 
tastasis must have a diameter of at least 3-5 
mm. 

4. Metastases clearly detectable on the film in con- 
tact with isolated lymph nodes may be missed 
in vivo, a difficulty that in some cases can be 
overcome by using oblique views, direct magni- 
fication, or tomography. 

5. Alterations of lymph vessels and nodes due to 
several causes may simulate or mask metas- 
tases. 


The reported diagnostic accuracy of lymphangi- 
ography in solid tumors varies widely from author 
to author and according to primary site. Clearly, 
a correct diagnosis requires more than close scru- 
tiny of several films; it calls for a great deal of 
experience and a thorough knowledge of the natu- 
ral history and spread of the tumor under study. 
The diagnostic results obtainable in solid tumors 
are summarized in Table 13-4. The rate of positive 
eXaminations at onset is approximately 25% and 
the diagnostic accuracy between 85% and 90%. 
The error margin is made up mostly of false nega- 
tives, in the main because of micrometastases (e.g., 
from cervical carcinoma) or nonopacification of 
a lymph node or of an entire group (e.g., from 
testicular cancer). 
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TABLE 13-4 Diagnostic Results of Lymphography in Solid Tumors 


Lymphographic— 
No. Pathologic Histologic 
of Lymphography Correlation 
Tumors Cases (%) (%) 

Urologic 981 41.8 85.8 
Gynecologic 1630 28.9 86.4 
Large bowel 484 19.8 93.7 
Skin melanoma 328 40.5 89.7 
Bone sarcomas 66 15.1 100 (4/4) 
Soft tissue sarcomas 109 25.6 96.3(26/27) 


In spite of its undoubted limitations, lymphan- 
giography still retains its major role in the assess- 
ment of the N parameter of solid tumors. Once 
again, no single diagnostic procedure is 100% effi- 
cient, but the best screening technique is a combi- 
nation of lymphangiography and CT. The latter 
can scan body regions quite inaccessible to the 
former and visualize large unopacified lymph node 
metastases, thereby lowering, sometimes dramati- 
cally, the false-negative rate of lymphangiography. 
Another advantage of the combination is that the 
latter can eliminate some of the overreadings of 
CT related to nodal enlargement secondary to non- 
neoplastic disease and also some false negatives 
in the case of normal-size nodes. 


Benign Conditions that May Simulate 
Neoplasia 


A large number of benign conditions may produce 
a lymphoangiogram similar to those seen with neo- 
plasia. The features that distinguish them are listed 
below. 


1. Fibrolipomatosis: Degenerative-involutional 
changes of senile lymph nodes are infiltrated 
by adipose and fibrous tissue. Inguinal groups 
in particular may present filling defects at their 
upper poles, crossed by sinusoids in the early 
phase, not occasioning stasis.122° 

2. Lipoplastic lymphadenopathy: An accumula- 
tion of normal adipose cells starting from the 
nodal hilus may be observed, especially in 
obese elderly women. The lymph nodes will 
be enlarged with extensive and confluent mul- 
tiple filling defects but with no signs of stasis 
and with the marginal sinus free. 

3. Hyperplasia: This is one of the commonest 
lymphangiographic findings and one of the 


most frequent sources of interpretative error. 
The lymph node is enlarged with intact mar- 
ginal sinus, fewer dots (but in large and regular 
patches), and no noteworthy foaminess. The 
extent varies but is usually large.7°-® 


4. Acute nonspecific inflammatory processes: 


Enlarged lymph nodes with frequently dilated 
sinusoids, capsular involvement, and matting 
of the nodes are seen. When there is central 
necrosis the contrast medium is distributed 
in large irregular lacunae with perilymphatic 
extravasation into the soft tissues. The afferent 
lymphatics are often dilated, with signs of 
stasis.53 

5. Tuberculosis: The lymphangiographic pat- 
terns of this disease cover the whole gamut 
from signs of more or less overt hyperplasia 
to multiple filling defects simulating lymph 
node metastases from epithelial neoplasias. In 
the course of recovery one may encounter dif- 
fuse calcification of all the lymph nodes, which 
are thus partly or wholly excluded from the 
lymphatic circulation.?:7558 


6. Syphilis and other bacterial infections: In sec- 


ondary syphilis, leprosy, Nicolas-Favre dis- 
ease, tularemia, and brucellosis, lymphangiog- 
raphy contributes little. However, when the 
procedure is done the pattern is of a nonspe- 
cific nodal inflammatory process, which in 
full-blown cases simulates lymphoma.® 

7. Infestations: Lymphangiography is rarely per- 
formed in this group of diseases. Potentially, 
however, all infestations can result in nodal 
involvement, and when the examination is 
done the pattern is tumorlike. Cases in point 
are toxoplasmosis, African trypanosomiasis, 
leishmaniasis, Pneumocystis carinii infesta- 
tions, and Bancroft’s filariasis.” 

8. Fungal infections: In these diseases lymphan- 
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giography is of no practical importance, al- 
though there have been some radiologic stud- 
ies of histoplasmosis.*3 

9. Viral infections: Important for their frequency 
are infectious mononucleosis and cat scratch 
disease, but there is no indication for lymphan- 
giography. The reported lymphangiograms 
were performed as a result of hasty clinical 
misdiagnoses of lymphoma. The lymphangio- 
graphic pattern is of more or less marked 
nodal hyperplasia with no evidence of malig- 
nant changes. 

10. Sarcoidosis: The lymphangiographic pattern 
varies but is very often similar to that of malig- 
nant lymphoma. The lymph nodes are always 
enlarged, with irregular contrast distribution 
and intact marginal sinus. There have been 
exceptional cases of severe or total disruption 
of the nodal architecture but never any 
changes in the lymph circulation. There is no 
correlation between the lymphangiographic 
pattern and the duration of the disease or be- 
tween the extent of mediastinopulmonary in- 
volvement and the extent or type of retroperi- 
toneal involvement.§7 

11. Collagen diseases: The chief feature is enlarge- 
ment of the lymph nodes with intact contours, 
extended but uniform distribution of the con- 
trast medium, and no filling defects. There 
have been descriptions of lymphangiographic 
results in lupus erythematosus, rheumatoid ar- 
thritis, ankylosing spondylitis, panarteritis no- 
dosa, dermatomyositis, and scleroderma.”5 

12. Angioimmunoblastic adenopathy: In this au- 
toimmune disease defective regulation of the 
T cells predisposes to an abnormal prolifera- 
tive and autoimmune reaction of the B cells. 
For lymphangiographic diagnosis the follow- 
ing parameters are suggested: accelerated ve- 
locity of the lymph circulation; pain on injec- 
tion of the contrast medium; and fairly regular 
foaminess of all the lymph nodes, which ap- 
pear somewhat enlarged without any clear evi- 
dence of frank malignancy.5” 

13. Immunologic deficiencies: Lymph node 
changes in patients with primary immune defi- 
cits and autoimmune cytopenia have been de- 
scribed. The nodes are distinctly enlarged, the 
marginal sinuses are dilated, and the distribu- 
tion of the contrast medium is fairly uni- 
form.47:72:96 

14. Nodal extramedullary hematopoiesis: In pa- 
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tients with thalassemia major or myelofibrosis 
there may be enlarged lymph nodes with mul- 
tiple filling defects but no signs of obstruction 
to the progression of the contrast medium.2? 
It has been shown histologically that the filling 
defects are due to the deposition of hemosid- 
erin and to foci of extramedullary erythro- 
poiesis. 

15. Pseudolymphoma due to anticonvulsants: The 
opacified retroperitoneal lymph nodes are uni- 
formly enlarged and their intrinsic structure 
assumes a reticular pattern with diffuse, small 
filling defects.® 

16. Whipple’s disease: In intestinal lipodystrophy 
the lymph nodes are diffusely enlarged and 
their intrinsic architecture is completely dis- 
rupted due to large filling defects.35 


Ancillary Procedures 


Gastrointestinal Examinations 


Digestive tract contrast studies have gradually 
been replaced by more sensitive and direct investi- 
gations such as lymphangiography, ultrasound, 
and CT. Digestive tract contrast findings are essen- 
tially indirect; compression, displacement, and, oc- 
casionally, infiltration of the wall are seen. The 
chief merit of this examination, however, is that 
it permits the diagnosis of a gastrointestinal disease 
to which the concomitant lymph node pathology 
can reasonably be attributed.1®25-6 Relatively 
early diagnosis is possible in the esophagus and 
duodenal loop because of their proximity to the 
lymph nodes. However, even in these portions of 
the digestive tract the contiguous lymph nodes 
have to attain some size to be visible; and there 
is no possibility whatever of differential diagnosis. 
Even involvement of the mesenteric lymph nodes, 
often on a large scale (as in non-Hodgkin’s lym- 
phoma), is usually missed in contrast investiga- 
tions of the small intestine, even when performed 
with modern selective techniques. 

There was some interest initially in radiography 
of the stomach in the lateral view for demonstrat- 
ing retrogastric adenopathies. Surgery has estab- 
lished, however, that it is a hit-or-miss method. 
Examination of the rectosigmoid region with a 
barium enema can theoretically reveal extrinsic 
compression from the locoregional growth of a 
solid tumor or from spread of lymphoma; but in 
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FIGURE 13-6 Retrograde pyelogram of a nonfunction- 
ing left kidney reveals a mass in the lower pole with 
amputation of the calices and pyelovenous backflow. 
Multiple rounded compressions on the ureter are due 
to enlarged lymph nodes. Histologic examination sug- 
gested nodular sclerosing Hodgkin’s disease. 


practice it is of very limited diagnostic value since 
even quite large pelvic or mesenteric lymph nodes 
may be completely silent because their prevailing 
direction of growth obviates repercussions on the 
large intestine. 


Contrast Evaluation of the Urinary Tract 


Urography has proved to be relatively insensitive 
to the presence of retroperitoneal adenopathies un- 
til the bunches of lymph nodes become so large 
that they have repercussions on the various com- 
ponents of the urinary tract.1%25-68 The kidneys 
are displaced upward and outward and the lumbar 
portion of the ureter is displaced outward. In their 
pelvic portion the ureters are pushed toward the 
midline, especially in patients with systemic ade- 
nopathies. In the case of lymph node metastases 
from a solid tumor there is less displacement, the 
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main feature being concentric stenosis and conse- 
quent hydroureter-nephrosis. Bladder changes 
caused by unilateral or bilateral involvement may 
be observed only if the adenopathies are very large 
(Figure 13-6). 

The less frequent findings are obstructive ne- 
phropathy secondary to ureteral involvement, re- 
nal ischemia with hypertension secondary to arte- 
rial stenosis from adenopathy, and nephrotic 
syndrome secondary to occlusion of the vena cava 
and/or renal veins, again due to compression of 
the lymph nodes. 

In some cases radiologic investigation of the 
urinary tract may reveal intrinsic pathology, per- 
mitting precise classification of the nodal syn- 
drome. The final diagnosis will depend on ex- 
aminations utilizing conventional radiologic 
procedures for the urinary tract (excretory urogra- 
phy, ascending pyelography) and the most up-to- 
date techniques such as ultrasound, CT, and fine- 
needle biopsy. 


Vascular Procedures 


With the establishment of less invasive diagnostic 
procedures such as ultrasound and CT, the role 
of vascular contrast studies has been appreciably 
reduced and individualized. It is rarely possible 
to demonstrate a disease of the lymph nodes by 
a vascular procedure, and, when it is, the evidence 
is mainly indirect. In the arterial system the radio- 
graphic signs are a displacement of vessels by di- 
rect mural lesions and a more or less pronounced 
inflammatory or neoplastic circulation. When the 
veins present signs of compression or infiltration 
the disease is usually well advanced. 

With these reservations in mind, it is worth 
describing the indications for vascular procedures 
in lymph node diseases because these procedures 
still form part of the radiologic armamentarium 
for other purposes; therefore, skill in performing 
and interpreting them is still essential. Vascular 
procedures are in fact being updated to provide 
information on surgical anatomy and to be used 
as therapeutic aids (for embolization, regional che- 
motherapy, and transvascular biopsy). 


Peripheral Lymph Node Groups 

Arterial catheterization has rarely been requested 
for determining the status of the cervical lymph 
nodes. On rare occasions it could be used to inves- 
tigate suspected intense vascularization or to check 
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the possibility of block resection of the carotid 
axis.”4 Still more rare is the request for venography 
at Sites that are frequently subjected to lymph node 
resection, such as the lateral cervical, axillary, or 
inguinal groups. Rarely, one might propose to 
opacify the internal jugular veins through the sub- 
lingual veins when the block resection of these 
vessels is contemplated.?* 


Mediastinum 

Superior caval venography is indicated for assess- 
ing the damage caused by the mediastinal syn- 
drome to which lymph node metastases frequently 
give rise (Figure 13—7).279 Catheterization of the 
internal mammary artery may be used as a rare 
supportive investigation in suspected adenopathies 
of the anterior mediastinum when a final radiologic 
diagnosis has not been reached by other means 
(Figure 13-8). 


255 


Ficure 13-7 Investigation of mediastinal syndrome 
due to retrosternal metastases from breast cancer. (a) 
Superior caval venography. The contrast medium was 
injected bilaterally into the sublingual veins because of 
the lack of accessible veins in the arm. The right innomi- 
nate vein is completely obstructed, the left partially. 
The obstruction was cleared through the cervical veins 
(direct magnification). (b) Ultrasound scan of the supe- 
rior mediastinum. The immersion technique was used 
with craniocaudal inclination. Under the manubrium 
is a Space-occupying lesion that reaches the jugular 
fossa. The scan permitted measurement of the depth, 
on the basis of which percutaneous aspiration biopsy 
was performed (see Figure 13-8). 


Abdominal and Retroperitoneal Lymph Nodes 
Arterial catheterization to demonstrate a disease 
of the abdominal lymph nodes must be regarded 
as quite exceptional and should be considered only 
when no other methods are available. The accu- 
racy of this examination is very low.®! This appli- 
cation has rarely been reported, and in most cases 
it was the result of strategic error or initial misdiag- 
nosis (Figure 13-9). Distinctly more frequent, at 
least formerly, has been the contrasting of the 
retroperitoneal venous system—that is, the vena 
cava, left renal vein, and left spermatic vein—in 
search of retroperitoneal lymphadenopathies, 
chiefly in carcinoma of the testis or 
kidney.49-58-59.60.63 The technique is in all the tex- 
tbooks but it is perhaps worth stressing the value 
of asking the patient to perform a Valsalva maneu- 
ver during the search for the junction of the left 
spermatic vein with the renal vein. 
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Adenopathies over 2 cm in diameter, as a rule 
neoplastic, that are to the right of the midline, 
in front of or behind the vena cava, or between 
it and the aorta, give rise to the classic pattern 
of compression of the vessel, or alteration of the 
profile of its walls in the case of extranodal inva- 
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sion. Compression must be distinguished from neo- 
plastic thrombosis of the vena cava, which is fre- 
quent in tumors of the kidney and is an occasional 
finding in tumors of the testis (Figure 13-10). 
As CT and ultrasound have become more firmly 
established and more widely available the number 


Ficure 13-8 Investigation of mediastinum in 
Hodgkin’s lymphoma. The patient, with no evi- 
dence of other localizations, was admitted for 
pericardial effusion. The chest x-ray had shown 
enlargement of the superior mediastinum on the 
left. (a) CT scan of the superior mediastinum 
confirmed the presence of the lesion, covered 
by the anterior ends of the ribs and inaccessible 
to percutaneous biopsy. (b) Chest CT scan at 
cardiac level shows the pericardial effusion. (c) 
Selective angiography of the internal mammary 
artery confirmed the malignancy of the anterior 
mediastinal lesion on the left and shows other 
neoplastic lesions on the pericardium. 
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FIGURE 13-9 Investigation of the abdominal and ret- 
roperitoneal lymph nodes in a 10-year-old girl with 
Hodgkin’s lymphoma. (a) Abdominal aortography for 
suspected neuroblastoma. The right kidney, abdominal 
aorta, mesenteric artery, and hepatic artery are dis- 
placed and a neoplastic circulation is visible in the right 
paravertebral region. There were no calcifications in the 
preliminary films. (b) Selective angiography of the first 
lumbar artery on the right. The angiographic pattern 
could be that of a retroperitoneal lymphadenopathy. 
The subsequent biopsy showed that the condition was 
multiple lymphadenopathies from Hodgkin’s disease. (c) 
Longitudinal abdominal ultrasound scan to the right 
of the midline. The scan yielded the diagnosis of right 
retroperitoneal Hodgkin’s lymphoma more simply and 
with greater precision than the arterial catheterization 
procedures. 


of inferior caval, renal, and spermatic venogra- 
phies for the diagnosis of retroperitoneal adenopa- 
thies has declined. This evaluation applies to surgi- 
cal patients with large adenopathies secondary to 
carcinoma of the testis or kidney. However, left 
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renal venography and spermatic venography must 
be considered complementary to and/or competi- 
tive with lymphangiography in carcinoma of the 
testis. 

It is not always possible to demonstrate involve- 
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Figure 13-10 Neoplastic thrombosis in the vena cava 
from carcinoma of the testis. (a) The thrombus, detached 
from a lymph node metastasis, has reached the vena 
cava via a lumbar vein and appears as a filling defect 
in the lumen of the vessel. (b) Inferior caval angiography 


ment of the left superior para-aortic central node 
or group because either at the time of staging the 
patient has already undergone orchiectomy, or 
lymphangiography has not reached the superior 
para-aortic groups. Furthermore, considering the 
nonspecificity of CT and ultrasound in the assess- 
ment of remission of lymph node metastases from 
carcinoma of the testis after chemotherapy or ra- 
diotherapy, and the possibility of mistaking them 
for intestinal loops, there are good reasons for re- 
taining venography in the diagnostic repertoire. 


Ultrasound 
The saying that there is nothing absolute in medi- 


cine applies with particular force to the clinical 
use of ultrasound. During its development, espe- 
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in the lateral view. The neoplastic thrombus is still visi- 
ble, as are the anterior displacement of the vena cava 
and the reduction of caliber which was not apparent 
in the frontal view. The displacement was caused by 
the lymph node metastasis. 


cially swift in the past 5 years, ultrasound has 
encountered both scepticism and enthusiasm 
among medical professionals, in some respects sur- 
passing and in others falling short of expectations. 
As a means of displaying anatomy, normal or 
pathologic, ultrasonography is easy to use, safe, 
cheap, and applicable to all age groups, but it’s 
usefulness still depends unduly on the operator’s 
skill. If the technique is an integral part of a wide 
array of facilities, with all the other imaging tech- 
niques available at the same medical center, it 
should be fully accepted. At some sites it is valu- 
able as a primary means for guiding the biopsy 
of deep-seated tissues; at other sites it is a useful 
alternative. 

Ultrasound applications have developed along 
three lines: high resolution; evaluation of blood 
flow both in vascular trunks and tissues; and tissue 


13. Radiologic Approach to Diseases of the Lymph Nodes 


characterization. At present only the first feature 
has been exploited clinically to any marked degree; 
and we think that, at appropriate sites, it is useful 


in investigating diseases of the lymphatic sys- 
tem, 21-56.78,82 


Peripheral Lymph Nodes 


When ultrasound is used to study superficial 
lymph node groups (e.g., the lateral cervical, su- 
praclavicular, axillary, and inguinal node groups), 
the real-time technique with small transducers is 
the most suitable. Until the application of ultra- 
sound for tissue characterization is developed fur- 
ther, the information gained by its use is of limited 
clinical value because all these groups are accessi- 
ble to physical examination and surgical biopsy. 
At present the technique is of most interest because 
it can be used to guide percutaneous biopsy. Fine- 
needle aspiration may be recommended even for 
clinically accessible nodes when it is necessary to 
check the course of a known disease or when nu- 
merous confluent nodes or inflammatory adenopa- 
thies are present. In these circumstances surgical 
biopsy may be postponed until after reductive ther- 
apy, based on the histologic and bacteriologic evi- 
dence obtainable by percutaneous aspiration. 


Mediastinum 


Ultrasound demonstration of lymph nodes in the 
mediastinum is obstructed by the sternum and rib 
cage, and by the air in the lungs. By individualizing 
the approach in various situations and using the 
jugular fossa and/or intercostal spaces as portals 
of entry, one can use ultrasound to advantage. 
In these cases ultrasonography can be used to get 
an idea of lesion thickness and of the depth at 
which the biopsy may be performed. Differentia- 
tion from a vascular structure is facilitated by the 
use of a two-dimensional doppler, but ultrasound 
alone can sometimes establish the characteristics 
of a space-occupying lesion. 

The advantage of ultrasound over x-ray exami- 
nations for guiding a biopsy is unquestionable. 
This technique should be attempted at least in 
lesions of the anterior mediastinum that project 
from the sternal margin and that therefore fall 
within the range of vision of a small modern trans- 
ducer, for which there is room in the intercostal 
spaces or jugular fossa. Although CT is more ana- 
tomic, is more complete, and can guide a biopsy 
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without exposing the operator to the x-ray beam, 
the following points must not be forgotten: the 
patient is exposed to further radiation; the respira- 
tory movements necessitate more than one thin- 
layer scan for the exact positioning of the tip of 
the needle; the needle is unlikely to enter any lesion 
perpendicularly; frequent rectification is necessary, 
with the needle passing through the same point 
several times; the needle remains in the tissues 
for a long time; and the sum of these disadvantages 
increases the risk of complications. 


Abdominal and Retroperitoneal Lymph 
Nodes 


The demonstration of abdominal adenopathies is 
practically confined to the para-aortic and iliac 
chains, because at other sites it is more difficult 
to find anatomic landmarks and a single enlarged 
lymph node is indistinguishable from any other 
solid space-occupying lesion. The technique of 
demonstrating the retroperitoneal lymph nodes is 
not simple. The main advantages of ultrasound 
are that sections can be made in all planes and 
the distance between sections can be graduated 
infinitesimally. The ease with which ultrasound 
can be used to keep track of an anatomic structure 
and image it in practically all its planes is often 
offset by insurmountable obstacles, such as the 
presence of gas in the alimentary canal, the thick- 
ness of the abdominal wall, and a robust body 
build. 

Before a retroperitonal examination, the patient 
should be kept on a low-fiber diet for at least 3 
days and be given an enema. The patient must 
present fasting and with a full bladder. The patient 
is laid on the examination table with support under 
the back to accentuate lumbar lordosis and thereby 
bring the spine closer to the anterior wall of the 
abdomen. Having chosen a transducer of the right 
frequency and focusing for the patient’s thickness, 
the ultrasound operator locates the aorta and vena 
cava in longitudinal sections, and then again in 
transverse sections along with the hilus renalis, 
the superior mesenteric artery, and the pancreas. 
Heavy mineral oil should be used for acoustic cou- 
pling in preference to water-soluble gels, especially 
for the hairy parts of the body such as the lower 
pelvis. The pelvic lymph node chains should be 
studied with longitudinal, oblique, and transverse 
cuts using, where possible, the acoustic window 
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of the bladder, overdistended either by voluntary 
control or by catheterization. 

Normal lymph nodes are not usually imaged 
by ultrasound and hence structures that look like 
lymph nodes (either singly or in bunches) appear- 
ing on the screen are very likely to be pathologic. 
The smallest nodes that can be imaged with 3- 
3.5 MHz transducers in patients of average thick- 
ness measure about 2 cm. The internal architecture 
of the nodes may be classified as echo free, weakly 
or intensely echogenic, and with or without poste- 
rior enhancement. Another criterion is the re- 
sponse of the borders of vascular structures (e.g., 
the aorta and vena cava) adjacent to the enlarged 
lymph nodes. The scan of an echo-free node with- 
out posterior enhancement, or with it at a given 
frequency, must be compared with at least one 
other at a higher frequency with precise focusing 
for that depth. The intrinsic retroperitoneal lymph 
node signs are few and, other than the features 
mentioned, there are no criteria for correlating 
an adenopathy with a given histologic type. It is 
said that Hodgkin’s disease presents relatively 
transonic adenopathies associated less frequently 
with posterior enhancement and that they can par- 
tially blot out the walls of the aorta or vena cava 
through sound absorption, but assertion is not nec- 
essarily true, as may be seen from the numerous 
examples shown of retroperitoneal metastases 
from several types of neoplasia, including Hodg- 
kin’s disease. The possibility of identifying a non- 
Hodgkin’s lymphoma is very good when the nodes 
are large and intrinsically echogenic, but even this 
finding has to be correlated with the clinical his- 
tory and all other preliminary data.1o4%77 

Since most workers agree that there is little 
point in expecting ultrasound to deliver an image 
of lymph nodes outside the common iliac and para- 
aortic groups, the following suggestion is made: 
if the patient has had a lymphography it is useful 
to do a quick fluoroscopy in order to have a skin 
marker of the level reached by the iodized oil and 
thereby concentrate attention on the groups not 
covered by lymphography. If the latter has located 
node lesions that can be biopsied, and if the af- 
fected nodes are large enough, during fluoroscopy 
a skin marker is added for these groups. A subse- 
quent check on the possibility of obtaining a histo- 
logic sample is made using ultrasound rather than 
fluoroscopic guidance, because the large number 
of biopsies usually needed in such cases raises the 
problem of exposure. 
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At the pelvic level interpretation is difficult be- 
cause an enlarged lymph node may be confused 
with an intestinal loop, with the colon, or with 
adnexal diseases in women. As with the retroperi- 
toneal nodes, the pelvic nodes, whether pathologic 
or normal, should be checked on another day. 

Despite these procedural drawbacks and intrin- 
sic limitations on the applicability of ultrasound 
to the diagnosis of abdominal lymph node diseases, 
this technique has substantial value in the guidance 
of multiple biopsies of the lymphatic chains and 
as a less invasive means of keeping track of a node 
disease already demonstrated by lymphangiogra- 
phy or CT. The imaging of spread to other organs 
or to the nodal spaces is a further advantage over 
conventional radiography, shared with CT, and 
is discussed in the next section.155292 


Computerized Tomography 


Since its introduction, CT has achieved such a 
high standard that no radiologic procedure can 
surpass its imaging of the intrinsic architecture 
of organs and systems. At the present stage of 
technologic development, now that high-speed 
scanners have become available, there is little rea- 
son to hold back on the use of CT. It has proved 
to be of immense value in the study of space-occu- 
pying lesions of many organs and systems. Experi- 
ence has also demonstrated that CT need not be 
limited to adults and persons of robust body 
build.9-9° 

The history of CT in the diagnosis of lymph 
node diseases has been very similar to that of ultra- 
sound. The disadvantage of not being able to take 
body sections in all planes, as ultrasound can, is 
to some extent overcome by multiplane recon- 
struction. At the level of the trunk reconstructed 
CT images have sufficient resolution in the coronal 
and sagittal planes only for large lesions in sectors 
with clear anatomic landmarks. Employing x-rays, 
CT does not encounter “physical barrier” difficul- 
ties, as happens with ultrasound (which is totally 
reflected by gas or partly or wholly absorbed by 
tissues). In addition, its density analysis is incom- 
parably superior to that of conventional radiology 
and keenly competitive with that of gray-scale ul- 
trasound (whose application for tissue classifica- 
tion is still at the theoretical stage) and nuclear 
magnetic resonance (whose clinical development 
is expected to take at least another 2 years). 


13. Radiologic Approach to Diseases of the Lymph Nodes 


Peripheral Lymph Node Groups 


Theoretically, all the lymph node groups are suit- 
able for study with CT. In practice, the procedure 
has been used mainly for the chest and abdomen 
because other sites are more accessible to physical 
examination; an exception may arise from the need 
to check the peripheral nodes for a specific disease, 
i.e., for a particular change in tissue density. A 
lymph node metastasis whose density values reflect 
the primary tumor histotype can be diagnosed with 
certainty without invasive investigations. 


Mediastinum 


A completely different situation obtains in the 
chest and abdomen, where investigation for ade- 
nopathies has always been problematic and at one 
time entailed the use of several procedures. In the 
chest CT is unquestionably superior to conven- 
tional radiology, including tomography. With the 
scanning times now available (5-2 seconds), al- 
tered lymphatic structures of 1.5 cm or more can 
be distinguished from the intricate mediastinal 
anatomy, especially after generous parenteral in- 
jection of contrast medium. Key mediastinal 
lymph nodes can be imaged by axial cuts. Despite 
its invasiveness (ionizing radiation and contrast 
medium), CT is also indicated as the procedure 
of choice for checking the course of a neoplastic 
disease and as a means of obtaining biopsy speci- 
mens. 


At present the only contraindications and con- 
straints on CT scanning of the mediastinal spaces 
are the patient’s inability to maintain the horizon- 
tal position, extreme stages of respiratory or car- 
diac malfunction, intolerance to the contrast me- 
dium, and the special problem of the anterior me- 
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diastinum in young children. It is the persistence 
of the thymus in youngsters that complicates the 
differential diagnosis of adenopathies.5:115165.90 

CT of the mediastinum supplies a series of 5— 
8 mm contiguous scans from the neck to the ensi- 
form process in two stages, before and after paren- 
teral administration of contrast medium. Simulta- 
neous use of the veins of both arms, faint 
contrasting of the esophagus with viscous barium, 
combined use of infusion and bolus injection, and 
breath-holding, facilitated by the nasal administra- 
tion of oxygen, complete the protocol for a success- 
ful examination even in difficult patients. 

As normal mediastinal lymph nodes are not 
visible, a CT image of 1.5 cm or more in the pre- 
sumed site of the lymphatic chains definitely de- 
notes abnormality or disease. There are few density 
changes: an enlarged lymph node is usually of ho- 
mogeneous density unless there is a metastasis 
from a known primary tumor and a previous CT 
scan has supplied an identical image (Figure 13- 
11). Changes in the CT pattern of a disease during 
the posttherapeutic course are even harder to as- 
sess in the mediastinum than in the retroperito- 
neum. Necrosis in the mediastinal nodes is rarer 
and fibrosis less distinguishable. A verdict of re- 
gression or regrowth is based on the size of the 
lesion and on its capacity to accumulate contrast 
medium (to be studied, where possible, with the 
dynamic flow technique). 


Abdominal and Retroperitoneal Lymph 
Nodes 


The value of CT in the diagnosis of abdominal 
and retroperitoneal lymph node diseases has been 
substantiated by an impressive body of clinical ma- 


Figure 13-11 CT scan 
of Hodgkin’s disease in 
the mediastinum. Two 
medial lymphadenopa- 
thies are clearly visible 
just below the hilus. 
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terial reported by several investigators.14614.15.17.26 
There are at least three reasons radiologists have 
done more with CT in this area than in the me- 
diastinum: (a) the abdominal and retroperitoneal 
lymph node groups are more numerous and less 
accessible to physical examination or to rapid ra- 
diographic inspection (e.g., a plain x-ray in the 
case of the chest); (b) the frequency of abdominal 
lymph node malignancies is higher than at other 
sites, for in addition to systemic lymphatic diseases 
there are metastases from genitourinary tumors 
and tumors of the locomotor apparatus of the 
lower half of the trunk and lower limbs; (c) the 
competition from bipedal and funicular lymphan- 
giography, ultrasound, venography, retroperito- 
neal scintigraphy, and intravenous urography, all 
in continued, albeit individualized, use. 

The relative advantages and disadvantages of 
the various procedures for the diagnosis of abdomi- 
nal lymph node diseases are well known and con- 
tinually written about in the literature, sometimes 
with drastic value judgments. If the history of ra- 
diologic technology in the past few years has 
taught us anything, it is that it is best to be some- 
what cautious in recommending any diagnostic 
procedure as the method of choice. CT—even with 
striking advantage of three-dimensional density 
images over conventional radiography with its 
compressed images on plain film—does not solve 
all imaging problems, especially in the case of 
small structures such as the lymph nodes. It is 
well to remember that conventional radiology of- 
fers spatial resolution of a far higher standard than 
can at present be obtained with CT and ultrasound. 
The most recent advances in radiography, includ- 
ing very high resolution fluoroscopy and new ver- 
sions of direct magnification, afford pictures of 
the structure of an oil-filled lymph node that are 
authentic macroradiograms. Filling defects of 
barely 1 mm are therefore visible, and normal- 
size lymph nodes are accessible to fluoroscopic 
biopsy. 

The CT examination protocol for the abdominal 
and retroperitoneal lymph nodes is similar to the 
one recommended for the abdomen generally. As 
CT can demonstrate a primary extranodal disease 
or the spread of a nodal disease to other organs 
such as the liver or spleen, the situation of what 
we may call “extended” vision has to be considered 
from the procedural point of view. Contiguous 
scans from the ensiform process to the symphysis 
pubis should be done before and after parenteral 
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enhancement; the patient is prepared with dilute 
contrast medium at least 40 minutes before. Just 
before the second round of scans the patient is 
given a booster of oral contrast medium for the 
stomach, duodenum, and first loops of the jeju- 
num. We recommend injection of the contrast into 
the femoral vein, which is accessible percutane- 
ously to commercially available needle cannulas 
in all age groups. Fast infusion, with fast injection 
for the critical sections, ensures preferential opaci- 
fication of the vena cava, which is best exploited 
as an anatomic landmark, especially for the pan- 
creatic region. In this way direct involvement of 
the vessel is dramatically obvious, whereas with 
the customary practice of using the elbow veins 
the obligate position of the arms in the scanner 
tunnel can give rise to appreciable variations in 
the rate of administration of the contrast, with 
the result that the distribution of density between 
vessels and parenchyma is too uniform. 

In the case of pelvic examinations the patient 
should not void the bladder beforehand because 
the distended bladder raises the intestinal loops. 
Furthermore, since the presence of urine makes 
for dilution of the contrast medium excreted by 
the kidneys, artifacts due to density differences 
are reduced. The same artifacts are often not seen 
after lymphangiography or by the metal clips used 
in surgery. Lymphangiography seems to alter the 
density and volume of the lymph nodes for several 
days and, when possible, should be postponed until 
after CT scanning of the abdomen, or even dis- 
pensed with if CT is used to probe for retroperito- 
neal adenopathies in a patient with a histologic 
diagnosis of malignant lymphoma. In all other 
conditions the two methods are complementary 
both for topographic reasons and for their differ- 
ence in resolving power. 

In particular, CT can image the internal iliac 
chains when pathologic, the para-aortic chains 
even when normal (above L-1 and below the pillars 
of the diaphragm), and the mesenteric and celiac 
chains when pathologic. With scanning times of 
not more than 5 seconds no other steps are usually 
necessary. Longer times may require blocking 
peristalsis with glucagon, which is preferably per- 
fused rather than injected in a single dose. The 
windows and levels vary according to whether the 
retroperitoneum, liver, or spleen is to be observed, 
especially after enhancement. 

The CT features of the retroperitoneal lymph 
nodes are few. As a rule, the spatial resolution, 
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even with the best scanners, is such that if the 
nodes are smaller than 1.5-2 cm no reasonable 
interpretation is possible. If numerous nodes of 
this size or larger are observed, the situation is 
definitely abnormal. Adenopathies obliterate the 
perivascular adipose spaces and the subcrural ones 
in the high groups, but they are very hard to detect 
in the pelvis. Large adenopathies displace and de- 
form the blood vessels, and in this connection mul- 
tiplanar reconstruction on the planes of the great 
vessels can be useful. If malignant lymphoma is 
suspected, note that large adenopathies of uniform 
density are more frequent in lymphosarcoma and 
non-Hodgkin’s lymphoma. Smaller ones of uni- 
form density, chiefly para-aortic, are said to be 
typical of Hodgkin’s disease. Some variation in 
CT pattern is encountered in metastases from 
tumors of the testis, depending on the histol- 
ogy of the primary tumor and the therapeutic re- 
sponse. As a rule, adenopathies secondary to sys- 
temic lymphadenitis diminish or disappear when 
responding to treatment, whereas secondaries 
from tumors of the testis may diminish and be 
present associated retroperitoneal thickening or 
appreciable density variations due to necrotic 
phenomena. 32-40-42,45.50,55,62,66,76,81,84—87,89,94,95,100 

Lymph node metastases from carcinoma of the 
hilus renalis raise a peculiar problem: they are 
easily mistaken for neoplastic permeation of a vein. 
Uptake of the contrast medium is no discriminant 
if the lymph nodes, riddled with the neoplasia, 
are hypervascularized, as often happens also in 
the case of a neoplastic thrombus in the renal vein 
or vena cava. In children CT presents pecularities 
in the case of the retroperitoneal as well as other 
lymph nodes. Nodes measuring less than 1-1.5 
cm are not detectable, as in adults. Movement 
artifacts are a bigger problem and differential diag- 
nosis from lymphoma must take account of the 
sinuses, immunodepression adenopathies, and ret- 
roperitoneal fibrosis. 

The role of CT in percutaneous biopsy of the 
lymphatic system, already mentioned in passing, 
is now covered in detail. It is worth noting first, 
however, that the value of CT as a guide to the 
retroperitoneal lymph nodes is confined to nodes 
of some size or contiguous nodes or sites not acces- 
sible to lymphangiography. Although CT is said 
to be preferred over other procedures for biopsying 
smaller lesions, experience has shown that biopsy 
with CT is a lengthy business and the results are 
often disappointing. The abdominal lymph nodes 
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are deep seated and the progression of a 22- or 
23-gauge needle through the abdominal contents 
is rarely rectilinear. 


Fine-Needle Biopsy 


Fine-needle percutaneous biopsy has long been in 
the armementarium of instrumental diagnosis and 
in experienced hands it seems to be very servicable 
for several organs. The method has been said to 
be relatively noninvasive and virtually free from 
complications, but as the number of these biopsies 
increases the complication rate will probably rise 
too and perhaps the time has come to reassess 
the indications and the effective risks. 

In the chest, often emphysematous, fine-needle 
biopsy can cause pneumothorax, calling for surgi- 
cal drainage. Rarely does this accident occur in 
biopsies of the anterior mediastinum that project 
beyond the sternal line and make contact with 
the chest wall. Pneumothorax is a more frequent 
mishap of pulmonary lymph node biopsies. At the 
hilum of the lung a potentially dangerous hemop- 
tysis may occur if the blood coagulation status 
is altered. In a series of 300 lung biopsies checked 
by the author and carried out with a 22-23 gauge 
needle, a small pneumothorax was observed in at 
least 50% of cases. Only 5 patients needed drain- 
age and all presented a prebiopsy situation favora- 
ble to pneumothorax, such as emphysema or 
cough, and most had undergone multiple biopsies 
deep in the lung parenchyma. 

In the abdomen the risk of complications seems 
to depend on the organ or region being investi- 
gated. One death from an acute exacerbation of 
chronic relapsing pancreatitis was reported re- 
cently, and previously there had been a case of 
needle-track spread from carcinoma of the 
pancreas.7®3° We must add another death from 
transhepatic percutaneous cholangiography per- 
formed with a 23-gauge needle in a single run, 
which we class with aspiration biopsy. The patient, 
suffering from cholestatic jaundice, had depressed 
blood coagulation, and his death from hepatic 
coma was attributed to a large collection of blood 
and bile under the capsule and within the liver 
parenchyma. A case of heavy peritoneal lymphor- 
rhea was observed in another of our patients, who 
had been subjected to fine-needle biopsy at the 
level of a lymphangioma not recognized as such 
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beforehand. A third patient in our series, who had 
undergone a para-aortic lymph node biopsy high 
in the right peritoneum, was found at subsequent 
laparotomy to have a clinically silent peritoneal 
hemorrhagic suffusion. In this case the coagulation 
status was normal. 

In fine-needle biopsy in the pelvis, in cases in 
which lymphangiography had not been performed 
and ultrasonography had been used to guide the 
biopsy of lymph node masses, the tip of the needle 
often penetrated the bladder, overdistended to 
serve as an acoustic window. A macroscopic but 
short-lived hematuria occurred in a child with a 
recurrence of pelvic rhabdomyosarcoma diagnosed 
by transvesical biopsy with a 23-gauge needle. 

Fine-needle percutaneous biopsy requires few 
instruments and the maneuvers are simple. Stan- 
dard Chiba needles of variable length, normally 
available in 22 and 23 gauge, are used. Apart from 
the guidance system, the procedure involves the 
positioning of a brake on the needle to stop its 
passage through the tissues at the desired depth. 
With CT the brake should be made of plastic. 
The syringe should be large (20-40 ml). A patholo- 
gist should be on hand to make a supravital diag- 
nosis or to supervise the preparation of the cyto- 
logic and imbedded material. Manual aspiration 
with the syringe is laborious and a special handle 
should definitely be used. The number of samples 
taken depends on the gross appearance of the ma- 
terial and on common sense. The needle track 
should be different for each sampling and aspira- 
tion should be stopped on withdrawal of the sy- 
ringe. Labeling of the sampling site with contrast 
medium is unnecessary and potentially dangerous. 


Peripheral Lymph Nodes 


For the lateral cervical, supraclavicular, axillary, 
and inguinal lymph node groups, which are easily 
accessible to physical examination and surgical in- 
tervention, percutaneous biopsy is rarely indicated 
and is far more appropriate for a bacteriologic 
than a histologic examination. There is no point 
in coping with problems of histologic interpreta- 
tion (diagnosis of lymphoma) raised by the particu- 
lar sample gathered by a fine needle when surgical 
biopsy at these sites presents no difficulty. The 
help provided by noninvasive centering (e.g., by 
ultrasounds) has already been discussed. 
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Mediastinum 


As explained earlier, lymph node biopsy in the 
mediastinum is made difficult by the sternal and 
costal barrier. The jugular or intercostal portals 
of entry, under fluoroscopic and/or, occasionally, 
ultrasound or CT guidance, may permit biopsy 
of the lymph nodes of the anterior mediastinum. 
For the deeper nodes fluoroscopy,‘ if necessary 
biplanal, is preferable. A preliminary estimate of 
the depth may be made from the chest x-ray and, 
if monoplane fluoroscopy is used, the operator as- 
certains whether the needle tip has reached the 
lesion by placing the patient in the oblique posi- 
tion. 

We have mentioned that CT is theoretically 
more precise, does not expose the operator to radi- 
ation, and perhaps exposes the patient less. Scan- 
ning at low milliampere values to reduce exposure 
does not seem worthwhile when a fine needle is 
used, because it degrades the image unduly. CT 
biopsy is nevertheless more time consuming, it ne- 
cessitates keeping the needle within the lung pa- 
renchyma or against the structures of the hilum 
for a potentially dangerous length of time, and 
the respiratory movements and cardiac activity 
make it difficult to ascertain whether the needle 
really is in the lesion. Finally, correction of the 
trajectory is awkward in the confined space of 
the scanner tunnel. 


Abdominal and Retroperitoneal Lymph 
Nodes 


The abdominal lymph node chains may be more 
suitable for fine-needle biopsy with a potentially 
lower risk provided that the liver, pancreas, and 
spleen are not included in the track. The centering 
problems are greater than in the chest, the methods 
of guidance are different, and the lesions as a rule 
are larger. Fluoroscopy may be used in the upper 
abdomen for the celiac and mesenteric lymph node 
groups, contrasting the stomach, duodenum, and 
first jejunoileal loops as for the digestive tract. 
This is a possible alternative to the other methods 
of centering when the lymph nodes are large. If 
ultrasound and CT are available, they have the 
advantages of greater safety, greater precision, and 
more accurate evaluation of the most suitable point 
for percutaneous aspiration within a given lesion. 
CT establishes areas of greater or less vasculariza- 
tion by the density of the scans after enhancement. 
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In the case of a poorly vascularized lesion in direct 
contact with the abdominal wall, especially if pos- 
teriorly, larger gauge needles may be used for 
biopsy with greater chances of arriving at a final 
histologic diagnosis. 

Fine-needle biopsy of lymph nodes under 2 
cm in diameter or even of normal size is possi- 
ble in practice only if the groups are opacified 
with iodized oil. Several studies have shown that 
lymphangiography plus percutaneous biopsy in- 
creases diagnostic accuracy in investigations for 


metastases from genitourinary epithelial 
tumors, 36~39.53.61,73,73, 101,102 
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Chromosome Abnormalities in Malignant 
Diseases of the Lymphatic System 


Lore Zech 


In recent years, a considerable amount of informa- 
tion about chromosome anomalies in relation to 
different malignancies has been accumulated. Prior 
to the introduction of banding methods, many au- 
thors suggested random distribution of chromo- 
some abnormalities in malignant disorders; the 
Philadelphia chromosome (Ph!) in chronic my- 
elogenous leukemia was the only exception. Later, 
however, analysis of banded karyotypes from ma- 
lignant material gave clear evidence for the occur- 
rence of nonrandomly distributed chromosome 
changes in most tumors studied thus far, and today 
it is well established that specific karyotypic anom- 
alies are associated with tumor development.!°7 

Lymphomas are second only to leukemia in be- 
ing the most extensively cytogenetically studied 
malignancies; one reason for this is probably the 
availability of material. Lymph nodes, bone mar- 
row, and spleen—the main sources for study of 
lymphoproliferative diseases—are soft tissues from 
which cells to be analyzed are easily dispersed. 
On the other hand, we must admit that, compared 
with chronic myelogenous leukemia, our knowl- 
edge of karyotypic changes in lymphomas is much 
more limited. We can find several explanations 
for this: The histopathologic characterization of 
different types of lymphomas is often incomplete, 
and the use of different nomenclature by different 
authors is complicating the situation, making it 
almost impossible to get accurate information 
about the exact number of different cases studied. 
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Furthermore, there are technical problems. The 
chromosome rearrangements can be very complex, 
making it difficult to distinguish between primary 
and secondary changes and to identify all markers. 
In spite of these problems, a clear pattern of spe- 
cific chromosome changes can be recognized. The 
main purpose of this chapter is to draw attention 
to those consistently occurring marker chromo- 
somes because they probably can be regarded as 
being of essential importance in the origin of lym- 
phomas and malignancies in general. 


Procedures and Nomenclature 


The results reported in this chapter are mainly 
based on the study of tissues directly involved by 
the disease, i.c., lymph nodes, bone marrow, 
spleen, and peripheral blood without phytohemag- 
glutinin (PHA) stimulation. In some special cases 
B cells were stimulated by polyclonal B cell mito- 
gens. Effusion material has also been used with 


‘rather good results but was not always available. 


Chromosome Preparation 


For many years it was routine in most laboratories 
to analyze chromosomes either directly or after 
24-48 hours in culture because it was generally 
accepted that direct preparations were the best 
source for studies of tumor chromosomes. How- 
ever, it now seems that assumption is not quite 
correct. Recently, it was observed that under cer- 
tain circumstances short-term cultures of bone 
marrow from patients with leukemia increased the 
likelihood of detecting malignant cells that had 
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not been found in direct preparations. It has been 
suggested that as many as 15% of patients who 
do not have abnormal karyotypes in the directly 
prepared metaphases reveal a malignant clone with 
characteristic tumor chromosomes after 24-48 
hours in culture.*!3 The explanation for this unex- 
pected result seems to be that metaphases seen 
in direct preparations are erythroblasts, whereas 
cells dividing after 24 or 48 hours in culture are 
the leukemic granulocytes.§ These observations are 
probably of great importance for cytogenetic eval- 
uation of at least certain types of malignancies 
and also for routine handling of tumor material. 

In some cases it can be difficult or even impossi- 
ble to analyze primary lymphomas due to the lim- 
ited amount of neoplastic tissue and the low num- 
ber of metaphases. Therefore, many studies are 
performed on lymphoid cell lines. Unfortunately, 
results from such investigations cannot always be 
correlated with data obtained from primary tu- 
mors from which the lines were established be- 
cause many changes are of secondary character, 
caused by culture conditions. 

Chromosome banding methods are essential to 
the cytogenetic study of tumor cells. Many meta- 
phases that appear normal after a conventional 
nonbanding technique may in fact exhibit unex- 
pected rearrangements after banding. The data re- 
ferred to in this chapter are based on banded 
karyotypes only. The recent review by Sandberg 
includes studies done before the innovation of 
banding methods.!°6 


Banding Techniques 


Chromosome banding means the use of special 
staining techniques by which a series of bands are 
produced along the metaphase chromosomes. 
Banding methods, developed since 1968* and first 
applied to the human karyotype in 1969,!2° have 
lead to the identification of all human chromo- 
somes and have also clarified many structural rear- 
rangements that could not be analyzed with con- 
ventional methods.1*129 Each individual chromo- 
some has its own characteristic banding pattern. 
According to definition, a band is part of a chro- 
mosome clearly distinguishable from adjacent 
parts by appearing lighter or darker with Q-, G-, 
R-, or C-banding. 

Q-banding was the first banding method 
described;!5!29 it uses the fluorescent dye quina- 
crine mustard or quinacrine dihydrochloride. 
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Figure 141 Chromosome 1 with various band- 
ing techniques. From left to right: Phase contrast, 
Q-banded, G-banded, R-banded, and C-banded. «4000. 
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G-banding gives, with the exception of a few chro- 
mosome regions, a similar banding pattern as 
Q-banding and can be obtained by several pretreat- 
ment methods, followed by staining with Giemsa 
solution.!!3 R-banding is obtained by pretreatment 
of the preparations with elevated temperatures, 
followed by staining with Giemsa. The banding 
pattern is the reverse of that obtained by Q- and 
G-banding.* C-banding is also produced by a 
modification of the pretreatment before staining 
with Giemsa; in human material it visualizes the 
centromeres only. This method can be especially 
valuable for the analysis of marker chromosomes 
with more than one centromere. C-banding must 
be combined with one of the other banding tech- 
niques for chromosome identification.1 Many mod- 
ifications of the different banding methods have 
been developed and usually each laboratory has 
its own routine (Figure 14-1). 


Chromosome Nomenclature 


Before specific chromosome abnormalities in lym- 
phomas are discussed, a brief review of the no- 
menclature may be helpful. The nomenclature of 
human chromosomes has been standardized at sev- 
eral international conferences; the first was held 
in Denver, Colorado (1960), followed by confer- 
ences in London (1963), Chicago (1966), and Paris 
(1971).*! Since 1971, a standing committee has 
taken the responsibility for necessary extension 
and modification of the nomenclature. The pur- 
pose of the meetings is to provide a system that 
is clear, simple, flexible, and easy to apply by the 
majority of cytogenetic laboratories. 
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In the recommended nomenclature, each pair 
of autosomes is serially numbered from 1 to 22 
in descending order of length. The sex chromo- 
somes are referred to as “X” and “Y.” Autosomes 
of similar morphology can be divided into 7 recog- 
nizable groups from “A” to “G.” The symbols 
“p” and “q’ designate the short and long arm 
of each chromosome, respectively. A “+” or a 
“—” sign before the appropriate symbol means an 
additional or missing chromosome, respectively. 
A “+” or a “—” sign after the symbol means in- 
crease or decrease in length. For example, +7 
means an extra chromosome 7 in the karyotype, 
14q+ means a chromosome 14 with extra material 
on the long arm. The bands, produced by one of 
the different banding methods, are numbered con- 
secutively from the centromere outward along 
each chromosome arm. The terms “distal” and 
“proximal” refer to the position of a band with 
respect to the centromere. 

Each chromosome in the human somatic cell 
complement is defined as consisting of a continu- 
ous series of bands with no interbands. The bands 
are allocated to various regions along the chromo- 
some arms and delimited by specific chromosome 
landmarks. In this system, a landmark is defined 
as a consistent and distinct morphologic feature 
that is an important diagnostic aid in identifying 
a chromosome. A region is defined as any area 
of a chromosome lying between two adjacent land- 
marks. Four items are required for the designation 
of a particular band: the chromosome number, 
the arm symbol, the region number, and the band 
number within that region. These items are given 
in order without spacing or punctuation. For ex- 
ample, 8q24 indicates chromosome 8, long arm, 
region 2, band 4. 

Recently developed techniques for preparation 
of decondensed prometaphase chromosomes??? 
made it necessary to extend the system for designa- 
tion of chromosome regions and bands. Whenever 
an existing band is subdivided, a decimal point 
is placed after the original band designation, fol- 
lowed by the number of the subband. For example, 
the original band 8q24 can be subdivided into three 
subbands, designated 8q24.1, 8q24.2, and 8q24.3 
(Figure 14-2). 

The main types of structural aberrations are 
specified by the symbols “t” for translocation of 
chromosome material between chromosomes, 
“del” for loss of chromosome material, and “inv” 
for rotation of a chromosome segment 180°. The 


271 


symbols are followed by parenthesis(s) indicating 
the chromosome(s) involved, e.g., del(15), inv(9). 
If chromosome material is translocated from one 
chromosome to another, the chromosomes in- 
volved are separated by a semicolon, e.g., t(8;14). 
In a second set of parantheses the regions and 
bands in which the breaks have occurred are speci- 
fied. For example, t(8;14)(q24;q32) indicates a 
translocation between chromosomes 8 and 14; the 
break point in chromosome 8 is located in the 
long arm, region 2, band 4, and the break point 
in chromosome 14 is located in the long arm, re- 
gion 3, band 2. A marker chromosome (mar) is 
a structurally abnormal chromosome. When the 
banding pattern is distinct enough to trace the 
origin of the chromosome material, this can be 
adequately described by the standard nomencla- 
ture. If only part of the marker can be identified, 
a question mark is used. For example, t(8;?) means 
a rearrangement in which only chromosome 8 
could be recognized. 

This “short system” for identification of struc- 
tural abnormalities can be replaced by a “detailed 
system” which is a complementation of the first 
system. In addition to identifying the type of rear- 
rangement, the detailed system defines each abnor- 
mal chromosome in terms of band composition. 
More information about chromosome nomencla- 
ture and the designation of structural abnormali- 
ties can be found in the reports of the 1971 Paris 
Conference®*! and the 1981 International System 
for Human Cytogenetic Nomenclature.®? 


Malignant Lymphomas 


Chromosome studies on cells from lymphomas 
have been performed since 1962. The results ob- 
tained during the 1960s showed clearly that cells 
with an apparently normal diploid chromosome 
complement were interspersed with abnormal cells 
and that characteristic markers were associated 
with different types of lymphomas. A distinctive 
chromosome analysis was not possible, however, 
before banding methods had been introduced. 
The first study on chromosomes from malignant 
lymphoma by banding techniques was performed 
by Fleischmann et al.,2° who studied biopsies of 
seven tumors from lymph nodes with Q-banding. 
Marker chromosomes were noticed in four of 
them. The patients from whom the tumor material 
had been received had all undergone chemother- 


re SINIEPUWON svg 94) Ul USATS WeITEIP OY) JO WIOJ POSIAdI B ST SIT, 


L2 


A 


X 


2% 


OL 


woes syewo.nUED 


02 


é 
' 
+H 
= 
{ Le 


6L SL 


_| 


“ 


aD ee 


Zt 


9L 


Tae 


” 
“ 


Hin 


f 
\ 


z 
b 

‘ 

tod 


“UOTSsTULIOd YA zo16l ‘NOSI WoIy 
‘SuIpueg-H YIM PoArosgoO se spueg SWOsOUIOIYS Jo sweIZeIq. 7+] ANNOY 


SL 


> 


: 


+t 


vt 


€L 


d Si 


272 


14. Chromosome Abnormalities in Malignant Diseases of the Lymphatic System 


apy and radiotherapy, and therefore these first re- 
sults from chromosome studies were regarded with 
some reservation. 

At least 230 cases of malignant lymphomas 
have now been analyzed using banding tech- 
niques.%62.104 The accumulated results from 
these studies show nonrandom chromosome ab- 
normalities confirming the findings of Fleischmann 
et al.2° and suggesting that all types of lymphomas 
probably carry specific chromosome changes. Al- 
though many of the abnormalities described seem 
to be associated with tumor progression at later 
stages, a few marker chromosomes appear to be 
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FIGURE 14-3 Q-banded karyotype of a BL cell show- 
ing the t(8;14). 2500. 


connected with the origin or the very early steps 
of the malignancies. Naturally, these early chro- 
mosome alterations are of special interest for our 
understanding of the correlation between chromo- 
some damage and the development of the lympho- 
proliferative disorders. 


Burkitt’s Lymphoma 


The karyotypically best studied type of lymphoma 
is Burkitt’s lymphoma (BL) (Figure 14-3). The 
first cytogenetic study on BL biopsies was per- 
formed in 1963 by Jacobs et al.,5* who found a 
characteristic acrocentric chromosome in five of 
nine tumors. It was comparable in size to the long 
arm of chromosome 2, but as banding methods 
were not available at that time, it was impossible 
to define the marker more exactly. 


Recurrent Chromosome Abnormalities 


Translocation (8;14) In 1972 Manolov and Ma- 
nolova reported results from African BL studied 
by G- and Q-banding methods.” The authors 
found an extra band at the end of the long arm 
of one chromosome 14 (14q+) in five of six tumor 
biopsies. The same abnormality was observed in 
seven of nine cell lines, established from biopsies 
from other patients. It soon became obvious that 
the 14q+ marker was the most consistent aberra- 
tion found in Burkitt’s tumors and in lines estab- 
lished from those tumors.®455-159 Zech et al.13° ob- 
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Figure 144 BL-translocation, t(8;14) (q24;q32). (a) 
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served that cells from BL always possessed one 
chromosome 8 that was somewhat shorter than 
its homologue. Size and stainability of the missing 
segment corresponded to size and staining proper- 
ties of the extra piece on 14q, and the authors 
concluded that the BL abnormality was a translo- 
cation between the long arms of chromosomes 8 
and 14, t(8;14). The break point on chromosome 
8 was localized to q24 and on chromosome 14 
to q32. The translocation was thus designated as 
t(8;14)(q24;q32) (Figure 14-4). 

In our study this translocation was found in 
eight of the BL biopsies and in two of four estab- 
lished BL cell lines but not in the peripheral blood 
of patients with BL (Figure 14—-5). In two other 
BL biopsies and one BL cell line there was also 
a distinct 14q+, however, the technical quality 
of the metaphases was too poor to permit identifi- 
cation of the extra material on the chromosome. °° 
Using methods for preparation of elongated 
prometaphase chromosomes from BL biopsies!9! 
and the BL-derived line Daudi,”*-!53 we could iden- 
tify the break points on the marker chromosomes 
8 and 14 with still more precision to 8q24.13 and 
14q32.33 (Figures 14-6 and 14-7). According to 
Manolova et al.73 the t(8;14) is reciprocal. 

Although further cytogenetic studies on BL 
confirmed the hypothesis that t(8;14) was the most 
consistent chromosome abnormality in cells from 
this malignancy, the question remained as to 
whether No. 8 or No. 14 should be regarded as 
the most characteristic marker of the disease. It 
was often suggested that chromosome 14 might 
be of crucial importance since it was noticed that 
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metaphases of many non-Burkitt’s lymphomas 
also possessed an extra segment on chromosome 
14q, the origin of which could be traced to chromo- 
some 8 but also to other chromosomes, such as 
Nos. 1, 4, 6, 10, 11, 13, 14, 15 and 20.68:80.82 


Epstein-Barr Virus and the 14q+ Marker There 
seems to be enough evidence that the BL transloca- 
tion is associated with lymphoid proliferation 
rather than with the Epstein-Barr virus (EBV) in- 
fection. This suggestion is supported by the fact 
that EBV genome-negative Burkitt’s tumors, and 
cell lines derived from such tumors, do contain 
a 14q+ chromosome®®!82 (Figure 14—5). It is in 
line with these observations that the EBV genome- 
negative line BJAB, which does not possess the 
marker, could be converted into the EBV genome— 
positive subline GC-BJAB without any visible 
change of the two normal chromosomes 14.182 


Variant Translocations Recent findings of BL 
with variant translocations have changed our con- 
cept of the role of the chromosomes involved in 
the disorder. At least 14 cases have been described 
in which a chromosome 8q— is present but the 
recipient chromosome for the deleted segment is 
not a 14q. The first 2 patients belonging to this 
group were reported from Belgium!?° and Japan,5+ 
and their tumor cells had identical translocations 


B11 BLOOD 


B11 TUMOR 


DAUDI 


RAMOS 


FiGurE 14-5 Chromosomes 8 and 14 in (a) blood and 
(b) tumor of a patient with Burkitt’s lymphoma, (c) 
the EBV genome positive BL line Daudi and (d) the 
EBV genome negative BL line Ramos. Q-banding. 
X2500. 
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Ficure 14-7. BL translocation, t(8;14) (q24.13;q32.33). (a) Karyotype of a prometa- 
phase. Q-banding, <2500. (b) Diagram of the translocation showing the break points 
in the decondensed chromosomes. 


between chromosomes 2 and 8 as the sole abnor- 
mality. The break points were localized in 2p12 
and 8q23 or 8q24 (Figure 14-8). The same type 
of translocation was also found in BL from other 
countries, including the United States.91155 One 
patient with acute lymphoblastic leukemia (ALL) 
whose cells had L; (Burkitt-type) morphology was 
recently reported by Rowley et al.;1°° this report 
was of special interest because it provided addi- 
tional evidence for a close relationship between 
karyotypic changes in BL and Burkitt-type ALL. 

Berger’? was the first author who detected a 
variant translocation between chromosomes 8 and 
22 with break points in 8q24 and 22q11 (Figure 
14-9). More translocations of this type have now 
been published.%1°3!-117 In chronic myelocytic leu- 
kemia several cases with translocations involving 
three chromosomes have been described. This type 
of complex translocation also exists in BL, as re- 
ported by Philip et al.9‘ The different types of vari- 
ant translocations described to date are summa- 
rized in Table 141. 

A few cases of BL and ALL Ls without a t(8;14) 
or even without any detectable chromosome rear- 


rangements at all have been published re- 
cently.24110 Unfortunately, it is at present not 
possible to distinguish between normal and malig- 
nant metaphases if the karyotype appears normal; 
more studies are necessary before those results can 
be interpreted. It is not clear yet whether the clini- 
cal course of the disease is dependent on the type 
of translocation; the answer to this question needs 
further investigation. 


Burkitt’s Lymphoma-—Derived Cell Lines 

BL lines are of great importance for many types 
of work, such as immunologic studies or somatic 
cell hybridization, and therefore warrant descrip- 
tion. BL cells are fast growing, easy to maintain 
in culture, and therefore easy to establish. Never- 
theless, different lines differ remarkably from each 
other with respect to karyotypic stability and their 
tendency for polyclonal development. 

A line that is still very stable after more than 
14 years is the Daudi line, originating from a BL 
of an 8-year-old boy and established in 1968.6 
In our laboratory the majority of cells from this 
line exhibit only two consistent aberrations, the 
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characteristic BL translocation, t(8;14), and an in- 
terstitial deletion of the long arm of chromosome 
15, del(15) (Figures 14-6 and 14-10). Occasionally 
other chromosome abnormalities, especially +7, 
can be observed. Since Daudi cells are unable to 
produce B2-microglobulin, and the gene locus for 
this protein has been assigned to chromosome 15,47 
several authors have suggested that the deleted 


segment carries the exact locus for the 
gene. 72130,132,133 


Hodgkin’s Disease 


In adults, Hodgkin’s disease (HD) is the most com- 
mon type of malignant lymphoma and as common 
as leukemia. The number of karyotyped cases of 
HD is nevertheless relatively low (41 cases). This 
may be explained by incomplete histopathologic 
staging of the disease in many cases studied. In 
the great majority of cases, chromosome studies 
of malignant cells from patients with HD have 
been performed on lymph nodes. Effusions were 
often considered as being unsuitable because cyto- 
logic and histologic examination of pleural or peri- 
toneal exudates yielded cells that appeared unchar- 
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Figure 14-8 Variant BL translo- 
cation, t(2;8) (p12;q24). (a) Partial 
karyotypes. Q-banding, X2500. (b) 
Diagram of the translocation show- 
ing the break points. 


acteristic for the disease.5® However, it now seems 
clear that effusions contain cells with character- 
istic abnormalities and therefore are worthy of 
analysis.5° 

The most characteristic karyotypic feature for 
HD is the considerable proportion of normal cells, 
as much as 70%-90%. Among abnormal cells, 
extensive numerical aberrations, in most cases ex- 
tra chromosomes, are noticed. Often as much as 
50% of the abnormal metaphases are in the trip- 
loid or in the tetraploid range. 3233.50.96 A Il chromo- 
some groups have been involved in the aberration 
and no specific abnormality could be identified. 
The same is true of structural changes. Abnormal 
metaphases usually contain a number of rearrange- 
ments rather than a few specific markers. Perhaps 
a 14q+ chromosome can be regarded as one of 
the more characteristic markers for HD, as it is 
for other lymphoproliferative diseases.17.52.33.50.83 
In some cases the 14q segment has been traced 
to 8q, but other donor chromosomes have been 
found in the majority of cases. 

Usually the break point on chromosome 14 is 
in 14q32, as in BL, however, a break in 14q13 
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was found by Lawler et al.** in one of eight patients 
with HD (Table 14-2). All patients had been 
treated by chemotherapy and total nodal irradia- 
tion. A break in 14q13 was also found by Fukuhara 
et al.°6 in an HD line derived from pleural effusion 
cells of a patient with HD, and in cells from bone 
marrow and nonstimulated blood of three patients 
with non-Hodgkin’s lymphomas. These cases seem 
noteworthy because they may indicate a second 
vulnerable region on 14q in ql. 

The complexity of karyotypic changes in HD 
requires further studies on well-defined histopatho- 
logic cases. There has been a good deal of discus- 
sion about the perplexing finding that such a re- 
markably large number of metaphases from HD 
are normal; it has been suggested that improved 
cytogenetic methods might reveal more abnormali- 
ties than have been observed to date.17 


Non-Hodgkin’s and Non-Burkitt’s 
Lymphomas 
Other types of malignant lymphomas, including 


poorly, moderately, and well-differentiated lym- 
phoma, lymphosarcoma, and diffuse histiocytic 
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FiGURE 14-9 Variant BL translocation, t(8;22) 


(q24;q11). (a) Partial karyotypes. Q-banding, X2500. (b) 
Diagram of the translocation showing the break points. 


lymphoma, are often classified incompletely or ac- 
cording to different nomenclature systems. There- 
fore, it is perhaps premature to discuss the chro- 
mosome condition of each group separately, even 
though the detection of specific markers would 
be helpful in distinguishing the different types and 
stages of the disorders. In the majority of studies, 
lymph nodes or material from extranodal sites 
have been used for the investigations. In a few 
cases bone marrow and peripheral blood have also 
been analyzed. The general result of the studies 
has been the presence of at least one malignant 


cell clone with complex karyotypic rearrange- 
ments.28-30.32-36.56,62,65,68,74-77,96,97,104 


Recurrent Chromosome Abnormalities 

In spite of the complex and often confusing karyo- 
typic picture in the malignant cells, the following 
chromosomes are nonrandomly involved in aber- 
rations: 


Chromosome 14 as 14qt 

Chromosome 6 as 6p— or 6q— 

Chromosome | as Ip—, iq-, or rearranged 

Chromosome 11 as Liq— 

Chromosomes 3, 7, and 8 as extra chromosomes 

Chromosomes 6, 15, 20, and 22 as missing chromo- 
somes. 


Some of these changes are of special interest be- 
cause they seem to be of major importance for 
B cell malignancies in general. 
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FiGURE 14-10 Decondensed chromosome 15 of Daudi 
cells. (a) Partial karyotypes of normal chromosome 15 
and deleted chromosome 15. The arrows indicate the 
segment missing in the deleted chromosome. Q-banding, 
X2500. From Zhang et al.,433 with permission. (b) Dia- 
gram of decondensed chromosome del(15). 


Chromosome 14q+ This marker is probably the 
most characteristic abnormality for B cells in gen- 
eral, even though it has also been noticed in cells 
of T origin, as mycosis fungoides, chronic T cell 
leukemia, one T cell line (derived from ALL), in 
neurogenic tumors*?26 and a clone of stimulated 
lymphocytes in ataxia gelangiectasia.34+35 With a 
few exceptions,?®*6 the break point is in q32, sup- 
porting the hypothesis that a specific property of 
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the chromosome, localized in this vulnerable re- 
gion, has to do with the disorder. 

The segment translocated to the long arm of 
chromosome 14 can be of different origins; it is 
especially often from chromosome 8,® but it seems 
that most chromosome types may be engaged as 
donors.778° Chromosomes 1, 11 and 18 are more 
often involved than others,®? and it is obvious that 
the donor chromosome in non-BL is not as con- 
stant as in BL. 

Chromosome 6q—, apparently even more com- 
mon than the 14q+, may also be of significance, 
even though we do not understand its func- 
tion.56 68.77 Tt has a widespread incidence and has 
also been found frequently in ALL,1"5 chronic lym- 
phocyte leukemia (CLL),?7 myeloproliferative dis- 
eases, Carcinomas, malignant melanomas, and neu- 
rogenic tumors.8? The break points on 6q are 
apparently varying and preferentially localized be- 
tween 6q13 and 6q22 or 6q25. In a few cases, a 
deletion of 6p has been observed, although this 
abnormality is not as common as the 6q aberration. 


Other Abnormalities. Chromosome 1 rearrange- 
ments Fukuhara et al. drew attention to a very 
interesting correlation between the occurrence of 
a 14q+ chromosome and structural abnormality 
of chromosome 1, observed in 11 patients with 
diffuse histiocytic lymphoma, while only 2 patients 
with abnormal No. 1 were found among 11 pa- 
tients with normal No. 14.34 In another group of 
patients with poorly differentiated lymphoma, 5 
of 9 had a 14q+ and a No. | abnormality.*4 Corre- 
lations between a 14q+ and a No. 1 abnormality 
have been found in other studies of lymphomas 


TABLE 14-2 Frequency of Involvement of Chromosome 14 in 25 Cases of Hodgkin’s Disease 


Numerical Structural Break 
No. of Aberrations Aberrations Point 
Cases of No. 14 of No. 14 on No. 14 Reference 
6 — 3 14q32 Fukuhara et al.33 ¢ 
1 _— 1 14q32 Zech et al.!3° 
2 1 _— — Cavallin-Stahl et al.!? 
6 1 2 14q32 Hossfeld and Schmidt®°® 
1 (line) — 1 14q13 Fukuhara et al.3¢ 
T (blood) 2 2 14q1 (1 case) 
14q32 (1 case) Lawler et al.® 
1 (marrow) —_ 1 cen (14) Lawler et al.66 


@ One case, a Hodgkin’s-derived line, was reinvestigated and reinterpreted as having a break in 14q24 or 


32. 
> One patient had both a +14 and a 14q+. 
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as well;9¢-97-115 these observations warrant further 
studies to clarify the correlation. 

The problem is of special interest because of 
the frequency with which chromosome | is in- 
volved in other malignancies, such as cervical car- 
cinoma,®* breast tumors,”* lung tumors,!4) neuro- 
genic tumors,” bladder carcinomas,? and ovarian 
carcinomas.® It seems likely that there do exist 
additional cases with a 14q+ abnormality plus a 
structurally abnormal No. 1 in aberrant meta- 
phases of some lymphomas, even though they are 
easily overlooked in highly aberrant cell clones. 

Mark et al. point out that special attention 
should also be given to chromosome 3 because a 
+3 chromosome was the sole aberration in one 
lymphoma they studied, and in another case +3 
and —8 were the only abnormalities.77 Chromo- 
some 3 was also frequently involved in structural 
rearrangements, with the break points concen- 
trated at the centromeres and regions that stain 
lightly with Q- and G-banding methods.76 


Diagnostic and Prognostic Significance of Marker 
Chromosomes 

As mentioned above, it is at present very difficult 
to correlate certain chromosome aberrations with 
types of lymphomas because different classification 
systems are used by different authors. Neverthe- 
less, a few studies on larger groups of patients 
have indicated that the 14q+ marker may be more 
common in poorly differentiated lymphoma (15 
of 35 cases) than in diffuse histiocytic lymphoms 
(15 of 32 cases).3435 Fukuhara et al. were also 
able to correlate a 14q+ abnormality with mor- 
phology, i.e., with a large noncleaved nucleus in 
the malignant cells.34 Thus, there is good reason 
to expect that in the future lymphomas may be 
characterized in terms of the nature of their chro- 
mosome 14 morphology, although more studies 
are necessary before this will be possible. 


T Zone Lymphomas 


The T zone lymphoma, a type of non-Hodgkin’s 
lymphoma, was first described by Lennert® as a 
nonleukemic type of lymphoma containing all the 
components of T regions of lymphoid tissue. Only 
a few patients with this disorder have been karyo- 
typed. 

In one study of five patients,*4 the karyotyped 
metaphases of one patient showed no abnormali- 
ties, although the possibility could not be excluded 
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that cells with abnormal karyotype had not di- 
vided. The other four patients exhibited highly 
abnormal cells. Nevertheless, the overrepresenta- 
tion of certain abnormalities seemed clear. Chro- 
mosome 3 was often involved either numerically 
(4-3) or structurally. A chromosome 14q+ oc- 
curred in only one of the five patients of this series; 
this patient had two different 14q+ markers—one 
was a Y;14 translocation and the other a t(14;?). 
Two different chromosome 14 markers are ex- 
tremely rare events, previously described only by 
Catovsky et al.’ in a follicular lymphoma, by Fu- 
kuhara and Rowley®? in a malignant lymphoma 
of mixed cell type, and by Reeves and Pickup%” 
in a centroblastic-centrocytic lymphoma. 


Acute Lymphoblastic Leukemia 


In the report of the Third International Workshop 
on Chromosomes in Leukemia!® the cytogenetic 
results of studies on 346 patients with ALL are 
presented. Of these patients, 112 were karyotypi- 
cally normal, and chromosome changes had oc- 
curred in 234. The study of preparations of 
decondensed prometaphase chromosomes??? will 
probably reveal abnormalities in more patients!28 
even though these chromosomes are extremely dif- 
ficult to analyze in cells that contain complex rear- 
rangements. 


Recurrent Chromosome Abnormalities 


Numerical Changes Both treated and untreated 
patients in the Third International Workshop 
study had numerical chromosome changes, and 
these changes occurred along with structural 
changes in 113 of 234 cases (Table 14-3). The 
chromosomes involved in the numerical changes 
could not always be identified, mainly because of 
technical problems with cells having more than 
50 chromosomes. Therefore, those cells were often 
excluded from. banding analysis. Even though 
these shortcomings must be taken into consider- 
ation, it seems clear that chromosomes 6, 8, 18, 
and 21 were overrepresented, and chromosomes 
1, 2, and 3 were underrepresented. Chromosomes 
7 and 20 were more often lost from metaphases 
than others. 


Structural Changes The frequency of the most 
common types of structural rearrangements is 
summarized in Table 144. The most predominant 
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TABLE 14-3 Frequency of Numerical Chromosome Aberrations in Patients 


with ALL 
Patients with 
Patients _ Patients Numerical and 
Aberration Untreated Treated Structural Changes Total 
Hyperdiploid 
47-50 chromosomes 28 — 12 40 
>50 chromosomes 31 — 12 43 
Pseudodiploid 41 2 81 124 
Hypodiploid 17 3 8 28 


From the Third International Workshop on Chromosomes in Leukemia,!!8 with permis- 


sion. 


chromosome abnormality was a 22q— marker, 
which was found in 45 cases (39 untreated). In 
the majority of cases the 22q— was identified as 
a classical Ph! translocation, t(9;22)(q22;q11). 
Two cases had variant translocations, t(6;22) 
(p25;q11) and t(21;22)(q22;q11). One complex 
translocation was found involving three chro- 
mosomes, t(3;9;22). In one case the lost segment 
of 22q could not be detected. About one-half of 
the patients showed abnormalities in addition to 
the Ph! chromosome. These abnormalities were 
both numerical and structural. Most common was 
a gain of a second Ph! chromosome or an extra 
chromosome 8.118 

A t(8;14) was found in 17 patients (1 untreated). 
The break points were identical in all cases, i-e., 
8q24 and 14q32. There was an excess of males 
compared to females and of adults compared to 
children in this group. A 14q+ was found in 15 
patients, all untreated. In 6 patients the 14q+ was 
due to a balanced translocation, involving chromo- 
some 11 in 4 patients. This group also had an 
excess of males compared to females and adults 
compared to children.101114.118 


Two other types of translocations were clearly 
nonrandom events. A 1(4;11) was seen in 19 pa- 
tients (18 untreated) and a 6q— occurred in 16 
patients (13 untreated). Five patients had the 6q— 
as the sole abnormality.114 


ALL with Near-Haploid Clones Kaneko and Sa- 
kurai described a 17-year-old Japanese female 
ALL patient with a clone characterized by a 
haploid chromosome number plus an additional 
chromosome 6, 10, 18, and X.5? Another clone 
had 56 chromosomes, i.e., about twice the number 
of the near-haploid cells. The authors drew atten- 
tion to two other patients®®°° who showed a simi- 
lar, near-haploid karyotype with few additional 
chromosomes. Furthermore, a patient of Prieto 
et al., although studied without banding methods, 
seemed to belong to this group of patients because 
he had a clone with haploid karyotype plus an 
extra D and an extra G chromosome, the latter 
most likely a 21.99 The chromosomes present in 
two copies in the near-haploid clones of the differ- 
ent patients are listed in Table 14~5. All patients 
belonging to this group also had a clone with a 


TABLE 14-4 Frequency of Nonrandomly Distributed 
Structural Chromosome Aberrations in 112 Patients with 


ALL 
Patients Patients 
Aberration Untreated Treated Total 

Ph! 39 6 45 
t(4;11) 18 j 19 
t(8;14) and other t(8) 16 1 17 
14q+¢ 15 — 15 
6q— 43 3 16 


From the Third International Workshop on Chromosomes in Leuke- 


mia,!48 with permission. 


@ One t(8;14)(q21;q24) and four t(11;14). 
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TABLE 14-5 Chromosomes Present in Two Copies in Near-Haploid Clones 


of ALL 
Chromosomes® References 
10 18 X ~=Kessous et al.5° 
10 14° #18 Oshimura et al.%° 
6 10 18 X Kaneko and Sakurai®? 
1 6 9 10 18 19 21 22 Shabtai and Halbrecht1!° 
D G Prieto et al. 


@ All banded except chromosones D and G in report by Prieto et al. 


double number of chromosomes. The similar 
course of the disease in three patients®75°9° sug- 
gests that a special hyperhaploid subclone was di- 
rectly correlated with a special subgroup of ALL.*” 


Clinical Significance of Cytogenetic Findings 

The accumulated clinical and cytogenetic data col- 
lected and analyzed by The Third International 
Workshop on Chromosomes in Leukemia!!® al- 
lowed, for the first time, the correlation of specific 
karyotypic changes with prognosis. The outcome 
of the analyses was that patients with a modal 
chromosome number over 50 responded best to 
treatment. Children in this group often appeared 
to be cured. Patients without karyotypic changes 
or with a 6q— also had a good prognosis. In con- 
trast, patients with a t(4;11) or t(8;14) responded 
poorly and had shorter survival. 

Patients with a Ph! chromosome also had a 
poor prognosis. The survival was 2-24 months, 
with a median for both children and adults of 
about 12 months. This contrasts with a median 
survival of more than 2 years in adult Ph!-negative 
ALL.!91°3 The collection and analysis of more 
cases will probably provide more detailed informa- 
tion. Although further studies are necessary, the 
data provided by the Workshop indicate that cyto- 
genetic features are an important prognostic factor 
in ALL. 


Chronic Lymphocytic Leukemia 


In approximately 90% of cases, CLL is a B cell 
disorder. The karyotypic picture was poorly un- 
derstood in the past because in PHA-stimulated 
blood cultures it is mainly the nonneoplastic T 
cells that proliferate, not the neoplastic B cells. 
The number of spontaneously dividing malignant 
cells is low in lymph nodes and marrow, and cyto- 
genetic data were only available from a few cases 


studied in late phase, when immature dividing 
lymphocytes were circulating in the blood. Due 
to the low number of adequate metaphases exam- 
ined, it was generally assumed that chromosome 
abnormalities were sporadic and random events 
in B cell CLL.” Exceptions, such as t(8;14), 
t(11;17), t(1;10), and del(11), described in four 
cases by Fleischman and Prigonina,”* were dis- 
cussed with reservation because of the difficulties 
mentioned above. 

The discovery of mitogens that primarily stimu- 
late B cells, the polyclonal B cell activators, opened 
new possibilities for the cytogenetic investigation 
of CLL. It is now possible to induce DNA synthe- 
sis, cell division, and monoclonal immunoglobulin 
synthesis in peripheral blood from patients with 
B cell CLL.39-41,98 


Recurrent Chromosome Abnormalities 

The total number of cases studied so far is at least 
134 (Table 14-6). In the studies of Hurley et al.5! 
and Najfeld et al.8? cell lines were used, and in 
the report by Autio et al.* the number of analyzed 
metaphases was very low. These three reports are 
therefore difficult to evaluate. In the remaining 
publications, 57 patients were studied, 37 (62%) 
of whom showed clonal abnormalities. The aberra- 
tions were both numerical and structural (Table 
14-7). Chromosomes 12, 3, 17, and 20 were most 
often involved numerically and chromosomes 14, 
17, 6, and 22 structurally.37-39-42.86 


Trisomy 12 This was the most common abnor- 
mality (Figure 14-11), found in 19 of the 37 pa- 
tients. One patient had only partial trisomy of 12q 
(Figure 14-12).38 In 6 patients an extra chromo- 
some 12 was the only abnormality, while in the 
other 13 patients additional aberrations were seen. 
Other trisomies (+3, +17) occurred, often together 
with trisomy 12. Chromosome 17 was also in- 
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TABLE 14-6 Clonal Chromosomal Aberrations in 134 Patients with B Cell CLL 
Patients with Patients 
Patients “Adequate” with Clonal Patients 
Studied No. of Metaphases Aberrations with +12 References 
22 14 11 104 Gahrton et al.39-41 
Gahrton and Robért?? 
Robért et al.° 
2% 2 2 1 Hurley et al. 
12 12 5 _— Gahrton and Robert,37 
Nowell et al.88 
26 2 2 1 Najfeld et al.8? 
27 19 9 5 Morita et al.86 
66 >5 5 2 Autio et al.6 
SchrGder et al.1°9 
Total >57 37 19 


@ One case with patial trisomy 12q13 — qter. 
> Cell cultures. 


volved in monosomy, as well as chromosomes 20 
and 3. 

The fact that trisomy 12 was the only aberration 
in 6 patients may indicate that the +12 in these 
cases was the first step in the development of a 
malignant clone and that other chromosome aber- 


rations were secondary changes. One may ask 
whether trisomy of the whole chromosome 12 is 
necessary for development of the malignancy or 
whether there is a specific segment that is critical 
for the disease. The patient of Gahrton et al. with 
partial trisomy of chromosome 12 had this abnor- 


TABLE 14-7 Abnormal Karyotypes in CLL Patients with Extra 
Chromosome 12 with or Without Additional Aberrations 


No. of 
Karyotpye Patients References 
47,XY,+12 4+2 Gahrton et al.4-41 
Morita et al.86 
Schréder et al.1°9 
47,XX,+12 3 Gahrton et al.4°41 


46,XY,del(11)(q22),+12,—13,—21, 


Hurley et al.5! 
Najfeld et al.8? 


mar(21;?)—22,+2mar/45,XY,del(11) 


q22),+12,—13,—15,mar(15;?),—21, 


mar(21;?),—22/46,XY,del(11)(q22), 


+12,+12,—13,—21,—22,+2mar/46,XY, 


t(1;8)(p22;qter) 
47,XX,+12,del(14)(q24) 


47,XX,+12,del(2)(q31) 


46,XY,+12,—17/47,XY,+12,—17, mar 


46,XY,+12,-20/45,XY,—20 
47,XY,22q—,+12 
48,XX,+3,+12/47,XX,+12/46,XX, 
—11,412/45,XX,-11 
47,XY,—20,+3,+12/47,XY,—20,+9, 
+12/46,XY,—20,+12/45,XY,—20 
46,XY,t(10;10)(pter;q24), 
dup(12)(q1322) 


_ 


Gahrton et al.‘ 


2 Gahrton et al.41 
Schroder! ¢ 
1 Gahrton et al.4! 
1 Robért et al.99 
1 Robért et al.99 
1 Morita et al.8¢ 
1 Morita et al.8¢ 
1 Morita et al.8¢ 
1 Gahrton et al.38 


* Break point not noted by Schroder. 
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mality in 13 of 63 metaphases.4? The duplication 
involved the region 12q13 — ater, i.e., the trisomy 
was limited to this short segment of the long arm 
(Figure 14-12). The authors concluded that dupli- 
cation of the genes located in 12q13 — 12qter 
was of crucial importance for the development of 
the disorder. It seems of interest that Miyoshi et 
al. described an adult T-cell leukemia with a rear- 
rangement of chromosome 12.85 The break point 
was localized to ql3, ie, the same region that 
showed the break in the case of the partial trisomy 
12.42 This could mean that 12q13 is a vulnerable 
region and easily affected by DNA-damaging 
agents. 

Several other cases are known in which partial 
trisomy of a chromosome can be correlated with 
malignancy. A duplication of part of the long arm 
of chromosome 1, between bands 1q25 and 1q32, 
was found in two cases of lymphocytic lym- 
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FiGurE 14-11 Trisomy 12 in CLL. Metaphase from 
lipopolysaccharide-stimulated lymphocyte shows an ex- 
tra chromosome 12 and a deletion of chromosome 14, 
del(14) (q24). Q-banding, X2500. From Gahrton et al.,*! 
with permission. 


phomas.'!® In certain myeloproliferative diseases 
with trisomy 1, only the region 1q23—25%8 or 1q25- 
32102.103 was involved in the disease. In multi- 
ple myeloma partial trisomy of 1ql2-q3 was 
noticed.9?.9 Furthermore, experimental work with 
murine leukemia supports these findings that only 
part of a chromosome is critical for development 
of the disorder. Mouse T cell leukemias are charac- 
terized by trisomy 15, however, the genes of impor- 
tance for malignant transformation are only those 
located distal on chromosome 15 (distal to T6).!2 


Chromosome 14 Structural aberrations involving 
chromosome 14 were of special interest. Deletion 
of 14q was found in two patients, and one patient 
had a translocation between chromosomes 11 and 
14 (Figure 14-13).37 The most common aberration 
of chromosome 14 was a 14q+, found in 10 
patients.3941.86.88.109 The donor chromosome for 
the extra segment on 14 could not always be deter- 
mined, but in three patients it was shown to be 
11g. 


Chromosome 6 This chromosome was also in- 
volved in several structural aberrations. In the ma- 
jority of cases 6q was deleted, but a 6p— was also 
seen in some patients.3” 


Ph! Chromosome A Ph}-like chromosome has 
been described in a few patients with CLL. In 
one patient, reported by Morita et al., the short 
chromosome 22 was designated as del(22)(pter- 
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FiGureE 14-12 Partial trisomy of 12q in CLL. (a) Met- 
aphase of EBV-stimulated lymphocyte showing duplica- 
tion of chromosome 12q, dup(12) (q13-qter). Q-banding, 
2500. From Gahrton et al.,*? with permission. (b) Dia- 
gram of the duplication. 


q13) without evidence of a translocation.** Thus 
this 22q— was somewhat different from the com- 
mon Ph!, which has the break point in 22q11. 
Morita et al. drew attention to the work of Rolovic 
and Ciric,!° who found a Ph?-like chromosome 
in a 70-year-old patient with CLL of 10 years’ 
duration. Morita et al. suggested that this 22q— 
chromosome was a true Ph! chromosome. The 
karyotype of the same patient also had an extra 
chromosome in the C group, possibly a No. 12. 
Nowell et al. found a translocation (14;22) 
(q32;q11) in a patient with CLL.®* Thus this case 
had not only a 14q+ but a Ph! also. According 
to Morita et al.,8° these examples strengthen 
the hypothesis that a Ph! chromosome may occur 
in cells of CLL. 


EBV Stimulation and Chromosome Aberrations 
Morita et al. also investigated EBV-stimulated 
lymphocytes from five normal individuals.** Three 
of the cultures showed normal karyotypes, but the 
two others contained cells with aberrations, 7% 
in one culture, 11% in the other. Since the EBV- 
induced aberrations were not clonal, but nonspe- 
cific and random, the authors found it easy to 
distinguish them from the specific and clonal aber- 
rations in the EBV-stimulated cultures from CLL 
patients. 


Prognostic Significance of Chromosome Aberrations 
A preliminary report by Robért et al. showed a 
correlation between specific chromosome aberra- 
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t(11;14)(q13;q32) 
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tions and the clinical picture of CLL. The time 
elapsing between diagnosis and the appearance of 
clinical symptoms that were indications for treat- 
ment was significantly shorter in patients with an 
extra chromosome 12 than in those without this 
abnormality. It seems therefore that an extra chro- 
mosome 12 is associated with a more rapid course 
of the disease. Nevertheless, the clinical signifi- 
cance of a +12 and other aberrations is still far 
from clear; additional studies on a greater number 
of patients and over a longer period of time are 
necessary before predictions about response to 
treatment and survival can be made. 


T Cell Chronic Lymphocytic Leukemia 

The T cell variant of CLL is relatively rare, consti- 
tuting probably not more than 5%-10% of all 
cases of CLL. Atypical cases of the disease are 
frequent and classification of the cases can be 
problematic. Finan et al. investigated seven pa- 
tients with T cell CLL; three had typical CLL, 
whereas the diagnosis for the other four was less 
clear and the clinical picture was more similar 
to the CLL “small cell variant” of Sézary 
syndrome.?7, Chromosomally abnormal clones 
were observed in the blood of all seven patients. 
No consistent aberration was found, but chromo- 
some 2 was involved structurally or numerically 
in four cases and chromosome 14 three times as 
—14 and two times as translocation, t(11;14), and 
t(14;18). A +12 was found in one case and an 
isochromosome 17 was also found in one case, 
an aberration which has been noticed in different 
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FiGuRE 14-13 Translocation be- 
tween chromosomes 11 and 14, 
t(11;14) (q13;q32) in CLL. (a) Partial 
karyotype of EBV-stimulated lym- 
phocyte. Q-banding, <3000. From 
Gahrton et al.,41 with permission. (b) 
Diagram of the translocation show- 
ing the break points. 


hematologic malignancies. It was also observed 
that clones with chromosomal abnormalities in 
some patients gave a variable response to different 
mitogens. Studies on more patients with T cell 
CLL are necessary before predictions about karyo- 
typic changes and the clinical course of the disease 
can be made. 


Hairy Cell Leukemia 


There are few published studies on karyotypic con- 
ditions in patients with hairy cell leukemia (HCL). 
The most extensive report is based on a group 
of 26 patients.4°4* This investigation was per- 
formed on peripheral blood, grown without PHA, 
and on bone marrow and spleen samples, prepared 
directly or after 24 hours. Most patients exhibited 
a normal karyotype, which was not unexpected 
because the mitotic activity of hairy cells is known 
to be low!#19 and no B cell mitogens were used 
for stimulation. Therefore, it seems likely that the 
dividing cells with normal karyotypes represent 
the normal cell population of those patients. 

In two patients in the series, however, a few 
cells with recurrent aberrations were detected; an 
extra chromosome 12 in one patient, an extra chro- 
mosome of the C group in another (probably a 
No. 12), and an abnormal No. 12 in the third 
patient. An extra No. 12 was also found in a pa- 
tient of Sandberg.** This evidence supports the 
hypothesis that this chromosome may be the most 
characteristic abnormality of HCL. This is of inter- 
est because +12 is also the most characteristic 
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abnormality in another B cell malignancy, CLL. 
The significance of other abnormalities observed 
in HCL, such as an extra No. 3 and a 6q-, is 
less clear. Both abnormalities are found frequently 
in other hematologic diseases, 6q— being one of 
the rather frequently involved markers in lympho- 
proliferative malignancies.§?118 Karyotypic studies 
on more patients with HCL are necessary and will 
probably provide more information about charac- 
teristic chromosome abnormalities in HCL. 


Monoclonal Gammopathies 


Cytogenetic studies using conventional nonband- 
ing methods have been performed in more than 
230 patients with monoclonal gammopathies.92-9? 
Results from banded karyotypes have accumulated 
slowly because of technical difficulties in obtaining 
metaphases of acceptable quality. Most publica- 
tions are case reports and only a few®®*? deal with 
more than 8 patients. In a recent review®? about 
50 cases were evaluated. Abnormal clones were 
observed in 33% in one report? and 64% in 
another.® 

Most of the abnormal clones (75%) are hyper- 
diploid, but hypodiploidy (19%) and a few cases 
of pseudodiploidy have also been found. Trisomy 
of chromosomes 3, 9, and 11 occurs particularly 
often. Structural aberrations are clearly nonran- 
dom, although a characteristic monoclonal gam- 
mopathy chromosome does not exist. Chromo- 
somes 1, 3, and 14 are most often involved in 
structural changes. Of special interest are two 
chromosome 1 abnormalities that result in partial 
trisomy for the region 1q12—1q3, i.e. the same 
region that seems of importance for other hemato- 
logic diseases. A 14q+ chromosome is the most 
consistent structural aberration in multiple my- 
eloma, found in 30% of all cases with clonal abnor- 
malities. A 14q+ has also been identified in one 
line derived from plasma cell leukemia. As donor 
for the 14q+ segment, chromosomes 1 and 11 
could be recognized, but in most cases it is impossi- 
ble to trace the origin of the extra segment. Since 
4 of 11 cases with 14q+ have been diagnosed as 
plasma cell leukemia, it has been suggested that 
the 14q+ may be a consistent marker of that dis- 
ease. 

Although the number of cases studied so far 
does not allow far-reaching conclusions, in one 
study®? it was noticed that 5 patients with chromo- 
some | abnormalities had a shorter survival than 
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the other 19 cases. No other aberration seems to 
have clinical significance. 


Sister Chromatid Exchanges in 
Lymphomas 


Sister chromatid exchanges (SCE) are considered 
a sensitive indicator for DNA damage caused by 
various mutagenic and carcinogenic substances, 
including drugs given to cancer patients. Analysis 
of SCE has also been used for the study of chromo- 
some instability syndromes, and it has been shown 
that patients with Bloom’s syndrome have a re- 
markably increased frequency of SCE in lympho- 
cytes, 18-111.112 

There are only a few published data on the 
rate of spontaneous SCE in patients with malig- 
nant disorders. Kurvink et al.© studied SCE in 
47 patients with malignant lymphoma; 13 un- 
treated cases are of special interest. Their mean 
frequency of SCE was 12.7 + 0.9 per metaphase, 
which was significantly higher than 6.1 + 0.3 in 
the 40 controls. The frequency of SCE increased 
after treatment of the patients with drugs, such 
as cyclophosphamide, and was higher in those pa- 
tients who had received the drugs within a period 
of 4 weeks prior to analysis (12.9 + 1.0). In patients 
who had received the drugs 8 weeks or more prior 
to analysis, the frequency of SCE was lower than 
in untreated patients (10.1 + 0.8). 

In a study on cultured lymphocytes of patients 
with CLL,”® the SCE rate per metaphase was 11.21 
for untreated patients and 10.03 for normal con- 
trols. The difference was statistically significant. 
Thus, these findings are in line with the results 
on SCE in the lymphoma studies, but Haglund 
et al.48 found no significant difference in the fre- 
quency of SCE in controls and patients who had 
been treated for malignant lymphoma in child- 
hood. Unfortunately, comparison of results on 
SCE studies from different laboratories is difficult 
because of the use of different methods. More stud- 
ies are needed for confirmation of the elevated 
rate of SCE in patients with lymphomas.'8 


Geographic Distribution of Specific 
Chromosome Abnormalities 


Mitelman and Levan have drawn attention to the 
fact that differences seem to exist between tumor- 
correlated karyotypic changes in different parts 
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of the world.+82 Data from different countries 
tend to indicate that different oncogenic agents 
may underlie the development of tumors in differ- 
ent geographic areas. 

Information on CLL and ALL are still limited, 
due to technical problems, however, results from 
malignant BL and non-BL are highly interesting.®* 
In 23 of 24 cases of endemic BL biopsies and cell 
lines, a 14q+ marker was found, and in 21 of 
these cases it was due to a translocation between 
chromosomes 8 and 14. The number is probably 
even higher, as chromosome 8 can be difficult to 
identify in metaphases of poor quality. Our own 
14 cases of African BL material showing a t(8;14) 
are not included in this summary.1*! In contrast, 
among 9 cases of nonendemic BL, only 4 had 
t(8;14), and the other 5 had variant translocations. 

In malignant lymphomas, the 14q+ marker was 
detected in only 37 of 79 European cases, whereas 
it was found in 20 of 24 cases from the United 
States. Of all translocations involving chromosome 
14q and an autosome other than chromosome 8, 
the t(14;18) is probably the most interesting one 
with respect to geographic distribution of specific 
abnormalities. The majority of cases with this 
translocation have been reported in the United 
States (30%), whereas only a few cases (2.7%) 
have been found in Europe.®? 

Although the total number of karyotyped lym- 
phomas is still low, the theory of geographically 
correlated specific chromosome aberrations in 
lymphomas is highly suggestive. 


Discussion 


The most characteristic property of the majority 
of lymphomas, except BL, is a highly complex 
karyotype. The aberrations are numerical or struc- 
tural; they are usually numerous and sometimes 
impossible to identify. In spite of this often confus- 
ing situation, a pattern of nonrandomly distributed 
changes can be recognized. The most frequently 
recurring numerical aberrations observed are +7 
(in BL), +12 (in CLL), +8 (in ALL), and +1 in 
various hematologic diseases. The most common 
structural aberrations are 14q+ (in most lympho- 
mas), 8q— (in BL), 1iq— (in malignant lympho- 
mas), 6q— (in various non BL lymphomas), and 
22q— (in ALL). It seems reasonable to assume 
that most of these nonrandomly occurring chro- 
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mosome changes are of essential importance for 
the origin and development of the specific tumors 
in which they are observed since most of them 
have been found either as the only aberrations 
in some of the disorders or consistently in several 
tumors. 


Extra Chromosomes 


There is no doubt that gains or losses of chromo- 
somes play an important role in tumor develop- 
ment, and it has been suggested that they influence 
the amount of the gene product in the cell, since 
they directly alter the number of functioning gene 
copies.* However, recent studies on murine T cell 
leukemias indicate that the explanation is not quite 
so simple. 

In most experimentally induced or spontane- 
ously occurring murine T cell leukemias, abnormal 
karyotypes are found, with trisomy 15 being the 
most common and often only chromosome 
change.!#1-125 Analysis of leukemias with partial 
trisomy 15 has suggested that trisomy of only a 
specific segment of chromosome 15 is needed for 
leukemogenesis.'?2 It has also been shown that No. 
15 chromosomes from high-tumorigenic mice and 
No. 15 chromosomes from normal or low-tumori- 
genic mice are qualitatively different. In experi- 
ments too complex to describe in detail here, cells 
from trisomic T cell leukemia were fused with 
normal fibroblasts or lymphocytes. Since the triso- 
mic T cell leukemia came from a line with normal 
chromosome 15 morphology (Tikaut), and the 
normal fibroblast or lymphocyte from a strain car- 
rying a 14,15 translocation (CBAT6T6), it was 
possible to distinguish the parental No. 15 chromo- 
somes in the hybrids. 

It was found that in high-tumorigenic segre- 
gants there was an increased number of tumor- 
derived No. 15 chromosomes and a decrease in 
the number of normal parent-derived chromo- 
somes (14;15 translocation). Low-tumorigenic hy- 
brids showed the opposite. It was concluded that 
chromosome 15 of the high-tumorigenic parent 
had been changed by mutation or proviral inser- 
tion, and that amplification of the changed locus 
and decrease in the gene dosage of the normal 
locus promoted tumorgenicity.* It seems very 
reasonable to expect a similar mechanism for triso- 
mies in human malignancies as well, even though 
we do not have experimental evidence. 
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Translocations 


Translocations of high specificity are the next most 
common chromosome aberrations in lymphomas 
and in a number of tumors in general. There is 
no doubt that the two most discussed transloca- 
tions in human malignancies are the t(9;22) in 
patients with CML (and other hematologic 
diseases)®? and the BL t(8;14) in patients with Afri- 
can BL.® The Ph! translocation is not quite under- 
stood. 

With respect to the BL translocation, it had 
been suggested that chromosome 14q+ might be 
the essential chromosome change in the develop- 
ment of the disorder. This hypothesis was 
grounded on the finding that the abnormality was 
seen in an overwhelming number of cases, mainly 
of B cell origin, despite the fact that the extra 
material on 14q could be traced to different chro- 
mosomes. According to a recent review by Mitel- 
man,®° a 14q+ marker had been identified in 149 
of 1871 cases of premalignant and malignant lym- 
phoproliferative diseases, which was in remarkable 
contrast to only 6 cases with 14q+ in myelopro- 
liferative diseases and solid tumors. (The under- 
representation of a 14q+ marker in T zone 
lymphomas* was unexpected and requires further 
studies before it can be discussed.) The consistency 
of the break point in 14q32 was seen as further 
evidence for the theory that chromosome 14q+ 
was the crucial chromosome in BL and perhaps 
B cell malignancy development. 

However, the recent detection of variants t(2;8) 
and t(8;22), has changed the conception of the 
predominant role of chromosome 14. At least 14 
cases of variant translocations have been found 
and they all have one property in common: both 
chromosomes 14 are normal and the translocations 
involve either Nos. 2 and 8 or Nos. 22 and 8. 
This is strong evidence for the suggestion that in 
these cases chromosome 8 and not chromosome 
14 is the crucial chromosome. The remarkable 
consistency of certain translocations in correlation 
with malignancies raises the important questions 
as to their significance and function. 

The BL translocation and its variants have been 
studied with respect to the localization of the gene 
locus for immunoglobulin production in man and 
mouse. It has been shown that human chromo- 
some 14 carries the locus for the production of 
immunoglobulin heavy chains.?°?! Furthermore, 
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the human kappa gene locus has been localized 
to chromosome 27°78 and the lambda locus to 
chromosome 22,7® 8 j.e., the two chromosomes in- 
volved as recipients of the distal region of the 8q 
fragment in the variant BL translocations. The 
fact that the t(2;8) has the break point on chromo- 
some 2 in the region 2p12, i.e., the region to which 
the kappa gene has been localized,””® supports 
the hypothesis of the correlation between gene loci 
for immunoglobulin production and tumor devel- 
opment. 

Here again, the situation in mice may be of 
help for understanding. In murine plasmacytomas, 
two characteristic translocations have been found. 
The most common alteration is a translocation 
between chromosomes 12 and 15. Chromosome 
12 is known to carry the immunoglobulin heavy 
chain locus in the mouse.®! Another translocation, 
found in a minority of cases, is a reciprocal 
exchange between chromosomes 15 and 6, 
RepT(6C;15D3).8° Tumors carrying this variant 
translocation produce kappa light chain immuno- 
globulin. Chromosome 6 carries the kappa locus, 
although the exact location is unknown.®! The par- 
allel between the mouse plasmacytoma transloca- 
tion and the BL translocation is obvious. 

Klein proposed a suggestive hypothesis that 
might contribute to our understanding.*! Accord- 
ing to this theory, a translocation of an oncogene 
to a highly active locus of immunoglobulin produc- 
tion might bring the oncogene under the influence 
of an active promotor. As a consequence, an over- 
production of some important regulator could be 
switched on. In the mouse plasmacytomas, the 
translocation of the distal part of chromosome 15 
to the chromosomes carrying the loci for immuno- 
globulin production rather than the deletion of 
chromosome 15, would be responsible for the ma- 
lignant transformation. In BL the translocation 
of the distal part of chromosome 8 to the immuno- 
globulin-carrying gen loci on chromosomes 14, 2 
or 22 would be the important event leading to 
tumor development. 

Recently the localization of human oncogenes 
on specific chromosomes has caused great excite- 
ment. The first oncogene found, c-myc, was local- 
ized to 8q24, the break point in BL and various 
other lymphomas. The concordance between onco- 
gene localization and chromosome breaks is obvi- 
ous. In future more results on oncogene localiza- 
tion will probably help to clarify the role of specific 
chromosome changes in tumorgenesis. 


14. Chromosome Abnormalities in Malignant Diseases of the Lymphatic System 


References 


10. 


11. 


12. 


13. 


14, 


. Arrighi FE, Hsu TC: Localization of heterochro- 


matin in human chromosomes. Cytogenetics 
10:81-86, 1971 


. Atkin NB, Baker MC: Abnormal chromosomes 


and number 1 heterochromatin variants revealed 
in C-banded preparations from 13 bladder carcino- 
mas. Cytobios 18:101~109, 1977 


. Atkin NB, Baker MC: Chromosome 1 in cervical 


carcinoma. Lancet 2:984, 1977 


. Atkin NB, Baker MC: Chromosome 1 in 26 carci- 


nomas of the cervix uteri. Cancer 44:604-613, 
1979 


. Atkin NB, Pickthall VJ: Chromosomes 1 in 14 


ovarian cancers. Heterochromatin variants and 
structural changes. Hum Genet 38:25-33, 1977 


. Autio K, Turunen O, Pentila O, Eramaa E, de 


la Chapelle A, Schréder J: Human chronic lym- 
phocytic leukemia: Karyotypes in different popula- 
tions. Cancer Genet Cytogenet 1:147-155, 1979 


. Berger R, Bernheim A, Weh H-J, Flandrin G, 


Daniel MT, Brouet J-C, Colbert N: A new translo- 
cation in Burkitt’s tumor cells. Hum Genet 53:111-- 
112, 1979 


. Berger R, Bernheim A, Flandrin G: Absence 


d’anomalie chromosomique et leucemie aigue: Re- 
lations avec les cellules medullaires normales. CR 
Acad Sci [D] (Paris) 290:1557-1559, 1980 


. Bernheim A, Berger R, Lenoir G: Cytogenetic 


studies on African Burkitt’s lymphoma cell lines: 
t(8;14), t(2;8) and t(8;22) translocations. Cancer 
Genet Cytogenet 3:307-315, 1981 

Bertrand S, Berger R, Philip T, Bernheim A, 
Bryon P-A, Bertoglio J, Dore J-F, Brunat-Men- 
tigny M, Lenoir GM: Variant translocation in a 
non-endemic case of Burkitt’s lymphoma t(8;22) 
in an Epstein-Barr virus negative tumor and in a 
derived cell line. Eur J Cancer 17:577-584, 1981 
Bornkam GW, Kaduk B, Kachel G, Schneider 
U, Fresen KO, Schwanitz G, Hermanek P: Ep- 
stein-Barr virus—positive Burkitt’s lymphoma in a 
German woman during pregnancy. Blut 40:167- 
177, 1980 

Braylan RC, Sanders SK, Fowles BJ, Jaffe ES, 
Berard C: Cell distribution, DNA content and thy- 
midine incorporation in hairy cell leukemia. Am 
Soc Hematol 123a, 1976 

Carbonell F, Fliedner TM, Karatt E, Sauerwein 
K: Crecimiento de las células leucémias en cultivo, 
selecion de clones citognéticamente anormales. 
Sangre (Barc) 24:1057—1060, 1979 

Caspersson T, Farber S, Voley GE, Kudynowski 
J, Modest EJ, Simonsson E, Wagh U, Zech L: 
Chemical differentiation along metaphase chromo- 
somes. Exp Cell Res 49:219-222, 1968 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


291 


Caspersson T, Lomakka G, Zech L: The 24 
fluorescence pattern of the human metaphase chro- 
mosomes—Distinguishing characters and variabil- 
ity. Hereditas 67:89-102, 1971 

Catovsky D, Pittman S, Lewis D, Pearse E: Marker 
chromosome 14q+ in follicular lymphoma in 
transformation. Lancet 2:934, 1977 
Cavallin-Stahl E, Landberg T, Ottow Z, Mitelman 
F: Hodgkin’s disease and acute leukaemia. A clini- 
cal and cytogenetic study. Scand J Haematol 
19:273-280, 1977 

Chaganti RSK, Schonberg 8, German J: A many- 
fold increase in sister chromatid exchange in 
Bloom’s syndrome lymphocytes. Proc Natl Acad 
Sci USA 71:4508-4512, 1974 

Chessels JM, Janossy G, Lawler SD, Secker 
Walker LM: The Ph! chromosome in childhood 
leukaemia. Br J Haematol 41:25-41, 1979 

Cox DW, Markovic VD, Teshima E: Genes for 
immunoglobulin heavy chains and for alpha-l-anti- 
trypsin are localized to specific regions of chromo- 
some 14q. Nature 297:428-430, 1982 

Croce CM, Shander M, Martinis J, Cicurel L, 
d’Ancona GG, Dolby TW, Koprowski H: Chro- 
mosomal location of the genes for human immuno- 
globulin heavy chains. Proc Natl Acad Sci USA 
76:3416-3419, 1979 

Crossen PE: Giemsa banding patterns in chronic 
lymphocytic leukemia. Humangenetik 27:151-156, 
1975 

Cruciger JQV, Pathak S, Gailleau R: Human 
breast carcinomas: Marker chromosomes involving 
1q in seven cases. Cytogenet Cell Genet 17:231- 
235, 1976 

Douglass EC, Magrath IT, Terebelo H: Burkitt 
cell leukemia without abnormalities of chromo- 
somes 8 and 14. Cancer Genet Cytogenet 5:181- 
185, 1982 

Dutrillaux B, Lejeune J: Sur une nouvelle tech- 
nique d’analyse du caryotype humain. CR Acad 
Sci [D] (Paris) 272:2638-2640, 1971 

Erikson J , Martinis J, Croce CM: Assignment of 
the genes for human A immunoglobulin chains to 
chromosome 22. Nature 294:173-175, 1981 
Finan J, Daniela R, Rowlands D, Nowell P: Cyto- 
genetics of chronic T cell leukemia, including two 
patients with a 14q+ translocation. Virchows Arch 
[Cell Pathol] 29:121-127, 1978 

Fleischman EW, Prigogina EL: Karyotype pecu- 
liarities of malignant lymphomas. Hum Genet 
35:269-279, 1977 

Fleischmann T, Hakansson CH, Levan A: Fluores- 
cent marker chromosomes in malignant lympho- 
mas. Hereditas 69:311-314, 1971 

Fleischmann T, Hakansson CH, Levan A: Chro- 
mosomes of malignant lymphomas. Hereditas 
83:47-56, 1976 


292 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


41. 


42. 


43. 


45. 


Fraisse J, Lenoir G, Vasselon C, Jaubert J, Brizard 
CP: Variant translocation in Burkitt’s lym- 
phoma:8;22 translocation in a French patient with 
an Epstein-Barr virus-associated tumor. Cancer 
Genet Cytogenet 3:149-153, 1981 

Fukuhara S, Rowley JD: Chromosome 14 translo- 
cations in non-Burkitt lymphomas. Int J Cancer 
22:14-21, 1978 

Fukuhara S, Shirikawa S, Uchino H: Specific 
marker chromosome 14 in malignant lymphomas. 
Nature 259:210-211, 1976 

Fukuhara S, Rowley JD, Variakoyis D, Sweet L: 
Banding studies on chromosomes in diffuse “‘histio- 
cytic” lymphomas: Correlation of 14q+ marker 
chromosome with cytology. Blood 52:989-1002, 
1978 

Fukuhara S, Rowley JD, Variakoyis D, Golomb 
HM: Chromosome abnormalities in poorly differ- 
entiated lymphocytic lymphoma. Cancer Res 
39:3119-3128, 1979 

Fukuhara S, Ueshima Y, Shirakawa S, Uchino, 
H, Morikawa, S: Translocations, having a break 
point at 14q13, in a lymphoid malignancy. Int J 
Cancer 23:739-743, 1979 

Gahrton G, Robért K-H: Chromosomal aberra- 
tions in chronic B-cell lymphocytic leukemia. Can- 
cer Genet Cytogenet 6:171-181, 1982 

Gahrton G, Friberg K, Lindsten J, Zech L: Dupli- 
cation of part of the long arm of chromosome 1 
in myelofibrosis terminating in acute myeloblastic 
leukemia. Hereditas 88:1-5, 1978 

Gahrton G, Zech L, Robért K-H, Bird AG: Mito- 
genic stimulation of leukemic cells by Epstein-Barr 
virus. New Engl J Med 301:438-439, 1979 


. Gahrton G, Robért K-H, Friberg K, Zech L, Bird 


AG: Extra chromosome 12 in chronic lymphocytic 
leukaemia. Lancet 1:146-147, 1980 

Gahrton G, Robért K-H, Friberg K, Zech L, Bird 
AG: Nonrandom chromosomal aberrations in 
chronic lymphocytic leukemia revealed by poly- 
clonal B-cell-mitogen stimulation. Blood 56:640— 
647, 1980 

Gahrton G, Robért K-H, Friberg K, Juliusson G, 
Biberfeld P, Zech L: Cytogenetic mapping of the 
duplicated segment of chromosome 12 in lympho- 
proliferative disorders. Report of a patient with 
partial duplication of chromosome 12. Nature 
297:513-514, 1982 

George DL, Francke U: Gene dose effect: Regional 
mapping of human nucleoside phosphorylase on 
chromosome 14. Science 194:851-852, 1976 


. GGdde-Salz E, Schwarze EW, Stein H, Lennert 


K, Grote W: Cytogenetic findings in T-zone lym- 
phoma. J Cancer Res Clin Oncol 101:81-89, 1981 
Golomb HM, Lindgren V, Rowley JD: Chromo- 
some abnormalities in patients with hairy cell leu- 
kemia. Cancer 41:1374-1380, 1978 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


61. 


L. Zech 


Golomb HM, Lindgren V, Rowley JD: Hairy cell 
leukemia: An analysis of chromosomes of 26 pa- 
tients. Virchows Arch [Cell Pathol] 29:113-120, 
1978 

Goodfellow PN, Jones EA, van Heyningen V, Sol- 
omon E, Bobrow M, Miggiano V, Bodmer WF: 
The beta-2-microglobulin gene is on chromosome 
15 and not in the HL-A region. Nature 254:267— 
278, 1975 

Haglund U, Hayder S, Zech L: Sister chromatid 
exchanges and chromosome aberrations in children 
after treatment for malignant lymphoma. Cancer 
Res 40:4786-4790, 1980 

Hossfeld DK: Chromosome 14q+ in a retinoblas- 
toma. Int J Cancer 21:720-723, 1978 

Hossfeld DK, Schmidt CG: Chromosome findings 
in effusions from patients with Hodgkin’s disease. 
Int J Cancer 21:147-156, 1978 

Hurley JN, Fu, SM, Kunkel HG, Chaganti RSK, 
German J: Chromosome abnormalities of leu- 
kaemic B lymphocytes in chronic lymphocytic leu- 
kaemia. Nature 283:76-78, 1980 

ISCN 1981: International System for Human Cy- 
togenetic Nomenclature. High Resolution Band- 
ing. Birth Defects. Original Article Series XVII, 
5. New York, The National Foundation, 1981 
Jacobs P-A, Tough IM, Wright DH: Cytogenetic 
studies in Burkitt’s lymphoma. Lancet 2:1144— 
1146, 1963 

Jarvis J, Ball G, Rickinson AB, Epstein MA: Cyto- 
genetic studies on human lymphoblastoid cell lines 
from Burkitt’s lymphomas and other sources. Int 
J Cancer 14:716-721, 1974 

Kaiser McCaw B, Epstein AL, Kaplan HS, Hecht 
F: Chromosome 14 translocation in African and 
North American Burkitt’s lymphomas. Int J Can- 
cer 19:482-486, 1977 

Kakati S, Barcos M, Sandberg AA: Chromosomes 
and causation of human cancer and leukemia. XLI. 
Cytogenetic experience with non-Hodgkin, non- 
Burkitt lymphomas. Cancer Genet Cytogenet 
2:199-220, 1980 

Kaneko Y, Sakurai M: Acute lymphocytic leuke- 
mia (ALL) with near haploidy—A unique sub- 
group of ALL? Cancer Genet Cytogenet 2:13-18, 
1980 

Kaplan HS: Hodgkin’s disease. Cambridge, Mass, 
Harvard University Press, 1972 

Kessous A, Corberand J, Grozdea J, Colombies 
P: Clone cellulaire a 27 chromosomes dans un leu- 
kemie aigue humaine. Nouv Rev Fr Hematol 
15:73-81, 1975 

Klein E, Klein G, Nadkarni JS, Nadkarni JJ, Wig- 
zell H, Clifford P: Surface IgM kappa specificity 
on a Burkitt lymphoma cell in vivo and in derived 
culture lines. Cancer Res 28:1300-1310, 1968 
Klein G: The role of gene dosage and genetic trans- 


14. Chromosome Abnormalities in Malignant Diseases of the Lymphatic System 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


73. 


74. 


positions in carcinogenesis. Nature 294:313-318, 
1981 

Kristoffersson U, Olsson H, Mark-Vendel E, Mi- 
telman F: Fine needle aspiration biopsy: A useful 
tool in tumor cytogenetics with special reference 
to malignant lymphomas, Cancer Genet Cytogenet 
4:53-60, 1981 

Kurvink K, Bloomfield CD, Keenan KM, Levitt 
S, Cervanka J: Sister chromatid exchange in lym- 
phocytes from patients with malignant lymphoma. 
Hum Genet 44:137-144, 1978 

Latt SA: Sister chromatid exchanges, indices of 
human chromosome damage and repair: Detection 
by fluorescence and induction by mitomycin C. 
Proc Natl Acad Sci USA 71:3162-3166, 1974 
Lawler SD, Reeves BR, Hamlin IME: A compari- 
son of cytogenetics and histopathology in the ma- 
lignant lymphomata. Br J Cancer 31:162~167, 1975 
Lawler SD, Summersgill BM, McElwain TJ: Cyto- 
genetic studies in patients previously treated for 
Hodgkin’s disease. Cancer Genet Cytogenet 5:25- 
35, 1982 

Lennert K: Klassifikation und Morphologie der 
Non-Hodgkin lymphome, in Léffler H (ed): Ma- 
ligne Lymphome und monoklonale Gammopath- 
ien. Haematol Bluttransfus 18:145-166, 1976 
Levine EG, Arthur DC, Frizzera G, Gajl-Pec- 
zalska KJ, Lindquist L, Peterson BA, Hurd DD, 
Blomfield CD: Cytogenetic analysis of 55 cases 
of malignant lymphoma (ML): Correlation with 
histologic and immunologic phenotype (abstract 
453). Presented at the meeting of the American 
Association of Cancer Research, 1982, Vol. 23 pp 
116 

Liang W, Hopper JE, Rowley JD: Karyotypic ab- 
normalities and clinical aspects of patients with 
multiple myeloma and related paraproteinemic dis- 
orders. Cancer 44:630-644, 1979 

Malcolm S, Barton P, Bentley DL, Ferguson- 
Smith MA, Murphy B, Rabbitts TH: Assignment 
of VK locus for immunoglobulin light chains to 
the short arm of chromosome 2 (2 cen — p13) 
by in situ hybridization using a cRNA clone of 
HK 101 Ch 4A. Human Gene Mapping Workshop 
6, Oslo, 1981 

Manolov G; Manolova Y: Marker band in one 
chromosome 14 from Burkitt lymphomas. Nature 
237:33-34, 1972 

Manolov G, Manolova Y, Kieler J: Cytogenetic 
investigation of assignment of the locus for beta- 
2-microglobulin in K562 leukemia and Namalwa 
and Daudi Burkitt lymphoma cells. Cytogenet Cell 
Genet 25:182, 1979 

Manolova Y, Manolov G, Kieler J, Levan A, Klein 
G: Genesis of the 14q+ marker in Burkitt’s lym- 
phoma. Hereditas 90:5-10, 1979 

Mark J: Chromosomal abnormalities and their spe- 


75. 


76. 


77. 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


293 


cificity in human neoplasms: An assessment of re- 
cent observations by banding techniques. Adv Can- 
cer Res 74:165-222, 1976 

Mark J, Ekedahl C, Arenander E: Cytogenetical 
observations in two cases of clinico-pathologically 
suspected malignant lymphomas. Hereditas 84: 
225-230, 1976 

Mark J, Ekedahl C, Dahlenfors R: Characteristics 
of the banding patterns in non-Hodgkin and non- 
Burkitt lymphomas. Hereditas 88:229-242, 1978 
Mark J, Dahlenfors R, Ekedahl C: Recurrent chro- 
mosomal aberrations in non-Hodgkin and non- 
Burkitt lymphomas. Cancer Genet Cytogenet 
1:39-56, 1979 

McBride OW, Swan D, Leder P, Hieter P, Hollis 
G: Chromosomal location of human immuno- 
globulin light chain constant region genes. Human 
Gene Mapping Workshop 6, Oslo, 1981 
McDonald MA, Fitzgerald PH: Sister chromatid 
exchanges and cell cycle progression in cultured 
lymphocytes from patients with chronic lymphatic 
leukemia. J Natl Cancer Inst 62:1169-1171, 1979 
Mitelman F: Marker chromosome 14q+ in human 
cancer and leukemia. Adv Cancer Res 34:141-170, 
1980 

Mitelman F, Levan G: Clustering of aberrations 
to specific chromosomes in human neoplasms. III. 
Incidence and geographic distribution of chromo- 
some aberrations in 856 cases. Hereditas 89:207~ 
232, 1978 

Mitelman F, Levan G: Clustering of aberrations 
to specific chromosomes in human neoplasms. IV. 
A survey of 1,871 cases. Hereditas 95:79-139, 1981 
Mitelman F, Anvret-Andersson M, Brandt L, Ca- 
towsky D, Klein G, Manolov G, Manolova Y, 
Mark-Vendel E, Nilsson PG: Reciprocal 8;14 
translocation in EBV-negative B-cell acute lym- 
phocytic leukemia with Burkitt-type cells. Int J 
Cancer 24:27-33, 1979 

Miyoshi I, Hiraki 8S, Kimura K, Miyamoto K, 
Sato J: 2/8 translocation in a Japanese Burkitt’s 
lymphoma. Experientia 35:742-743, 1979 
Miyoshi I, Miyamoto K, Sumida M, Nishihara 
R, Lai M, Yoshimoto S, Sato J, Kimura I: Chro- 
mosome 14q+ in adult T-cell leukemia. Cancer 
Genet Cytogenet 3:251-259, 1981 

Morita M, Minowada J, Sandberg AA: Chromo- 
somes and causation of human cancer and leuke- 
mia. XLV. Chromosome patterns in stimulated 
lymphocytes of chronic lymphocytic leukemia. 
Cancer Genet Cytogenet 3:293-306, 1981 
Najfeld V, Fialkow PJ, Karande A, Nilsson K, 
Klein G, Penfold G: Chromosome analyses of lym- 
phoid cell lines derived from patients with chronic 
lymphocytic leukemia. Int J Cancer 26:543-549, 
1980 

Nowell P, Shankey TV, Finan J, Guerry D, Besa 


294 


89. 


90. 


91. 


92. 


93. 


94. 


95. 


96. 


97. 


98. 


99. 


100. 


101. 


102. 


E: Proliferation, differentiation, and cytogenetics 
of chronic leukemic B lymphocytes cultured with 
mitomycin-treated normal cells. Blood 57:444— 
457, 1981 

Ohno S, Babonits M, Wiener F, Spira J, Klein 
G: Nonrandom chromosome changes involving the 
Ig gene-carrying chromosomes 12 and 6 in pris- 
tane-induced mouse plasmacytomas. Cell 18:1001- 
1007, 1979 

Oshimura M, Freeman AI, Sandberg AA: Chro- 
mosomes and causation of human cancer and leu- 
kemia. XXIII. Near haploidy in acute leukemia. 
Cancer 40:1143-1148, 1977 

Paris Conference: Standardization in Human Cy- 
togenetics Birth Defects: Original Article Series 
VIII, 7. New York, The National Foundation, 
1972 

Philip P: Chromosomes of monoclonal gammo- 
pathies. Cancer Genet Cytogenet 2:79-86, 1980 
Philip P, Drivsholm A, Hansen NE, Jensen MK, 
Killmann SA: Chromosomes and survival in multi- 
ple myeloma. A banding study of 25 cases. Cancer 
Genet Cytogenet 2:243-257, 1980 

Philip T, Lenoir GM, Fraisse J, Philip I, Bertolio 
J, Ladjaj S, Bertrand S, Brunat-Mentigny M: EBV- 
positive Burkitt’s lymphoma from Algeria, with 
a three-way rearrangement involving chromo- 
somes 2, 8 and 9 (t.ins/2;8;9/). Int J Cancer 
28:417-420, 1981 

Prieto F, Badia L, Herranz C, Redon J, Caballero 
M, Artiges E, Baguena J: Chromosoma marcador 
(14q+)y linfomas. Rev Esp Oncol 25:399-408, 
1978 

Reeves BR: Cytogenetics of malignant lympho- 
mas. Studies utilising a Giemsa-banding technique. 
Hum Genet 20:231-250, 1973 

Reeves BR, Pickup VL: The chromosome changes 
in non-Burkitt lymphomas. Hum Genet 53:349- 
355, 1980 

Robért K-H, Bird AG, Moller E: Mitogen induced 
differentiation of human CLL lymphocytes to anti- 
body secreting cells. Scand J Immunol 10:447-452, 
1979 

Robért K-H, Gahrton G, Friberg K, Nilsson B, 
Zech L: Extra chromosome 12 and prognosis in 
chronic lymphocytic leukaemia. Scand J Haematol 
28:163-168, 1982 

Rolovic Z, Ciric M: Letter to editor. Blood 44:623- 
624, 1974 

Roth DG, Cimino MC, Variaskojis D, Golomb 
HM, Rowley JD: B-cell acute lymphoblastic leuke- 
mia (ALL) with a 14q+ chromosome. Blood 
53:235-243, 1979 

Rowley JD: Mapping of human chromosomal re- 
gions related to neoplasia: Evidence from chromo- 
somes | and 17. Proc Natl Acad Sci USA 74:5729- 
5733, 1977 


103. 


104. 


105. 


106. 


107. 


108. 


109. 


110. 


111. 


112. 


113. 


114. 


115. 


116. 


117. 


L. Zech 


Rowley JD: Chromosome abnormalities in acute 
lymphoblastic leukemia. Cancer Genet Cytogenet 
1:263-271, 1980 

Rowley JD,. Fukuhara S: Chromosome studies in 
non-Hodgkin’s lymphomas. Semin Oncol 7:255- 
166, 1980 

Rowley JD, Variakojis D, Kaneko Y, Cimino M: 
A Burkitt-lymphoma variant _ translocation 
(2p~,8q+) in a patient with ALL, K3 (Burkitt 
type). Hum Genet 58:166-167, 1981 

Sandberg, AA: Chromosome markers and progres- 
sion in bladder cancer. Cancer Res. 37:2950-2956, 
1977 

Sandberg AA: The Chromosomes in Human Can- 
cer and Leukemia. New York, Elsevier/North 
Holland, 1980 

Sandberg AA: Some comments on sister chromatid 
exchange (SCE) in human neoplasia. Cancer Genet 
Cytogenet 1:197-206, 1980 

Schroder J, Vuopio P, Autio K: Chromosome 
changes in human chronic lymphocytic leukemia. 
Cancer Genet Cytogenet 4:11-21, 1981 

Shabtai F, Halbrecht I: Studies of banded chromo- 
somes in patients with acute lymphocytic leuke- 
mia, including one patient with Burkitt type (L3). 
Cancer Genet Cytogenet 3:11-18, 1981 

Shirashi Y, Sandberg AA: The relationship be- 
tween sister chromatid exchanges and chromo- 
some aberrations in Bloom’s syndrome. Cytogenet 
Cell Genet 18:13-23, 1977 

Shirashi Y, Freeman AI, Sandberg AA: Increased 
sister chromatid exchange in bone marrow and 
blood cells from Bloom’s syndrome. Cytogenet 
Cell Genet 17:162-173, 1976 

Seabright M: The use of proteolytic enzymes for 
the mapping of structural rearrangements in the 
chromosomes of man. Chromosoma 36:204-210, 
1972 

Slater RM, Philip P, Badsberg E, Behrendt H, 
Hansen NE, van Heerde P: A 14q+ chromosome 
in a B-cell acute lymphocytic leukemia and in a 
leukemic non-endemic Burkitt lymphoma. Int J 
Cancer 23:639-647, 1979 

Slavutsky Y, de Vinuesa ML, Dupont J, Mondini 
N, de Salum, SB: Abnormalities of chromosome 
No. 1: Two cases with lymphocytic lymphomas. 
Cancer Genet Cytogenet 3:341-346, 1981 

Spira J, Wiener F, Babonits M, Gamble J, Miller 
J, Klein G: The role of chromosome 15 in murine 
leukemogenesis. I. Contrasting behaviour of the 
tumor vs normal parent-derived chromosomes No. 
15 in somatic hybrids of varying tumorgenicity. 
Int J Cancer 28:785-798, 1981 

Tanzer J, Frocrain C, Alcalay D, Desmarest MC: 
Pleuropericardite a cellules de Burkitt chez un poi- 
tevin. Chromosome 14q+ par translocation (1;14), 
association a une translocation (8;22), a la perte 


14. Chromosome Abnormalities in Malignant Diseases of the Lymphatic System 


118. 


119. 


120. 


121. 


122. 


123. 


124. 


de l’Yet a de nombreuses autres anomalies. Nouv 
Rev Fr Hematol [Suppl] 22:105, 1980 

Third International Workshop on Chromosomes 
in Leukemia, 1980 (1981): Chromosomal Abnor- 
malities in Acute Lymphobladtic Leukemia: Struc- 
tural and Numerical Changes in 234 Cases. Cancer 
Genet Cytogenet 4:101-110 

Utsinger PD, Young WJ, Fuller CR, Logue MJ, 
Orringer EP: Hairy cell leukemia: B-lymphocyte 
and phagocytic properties. Blood 49:19-27, 1977 
van den Berghe H, Parloir C, Gosseye S, Englebi- 
enne V, Cornu G, Sokal G: Variant translocation 
in Burkitt lymphoma. Cancer Genet Cytogenet 
1:9-14, 1979 

Wiener F, Ohno S, Spira J, Haran-Ghera N, Klein 
G: Chromosomal changes (trisomy 15 and 17) as- 
sociated with tumor progression in leukemias in- 
duced by radiation leukemia virus (RadLV). J Natl 
Cancer Inst 60:227-237, 1978 

Wiener F, Ohno S, Spira J, Haran-Ghera N, Klein 
G: Cytogenetic mapping of the trisomic segment 
of chromosome 15 in murine T-cell leukaemia. Na- 
ture 275:658-660, 1978 

Wiener F, Spira J, Ohno S, Haran-Ghera N, Klein 
G: Chromosome changes (trisomy 15) in mu- 
rine T-cell leukemia induced by 7,12-dimethy]l- 
benz(a)anthracene (DMBA). Int J Cancer 22:447- 
453, 1978 

Wiener F, Spira J, Ohno 8, Haran-Ghera N, Klein 
G: Cytogenetic duplication of chromosome 15 in 
murine T-cell leukemias induced in mice heterozy- 
gous for translocation t(14;15)6. Int J Cancer 
23:504-507, 1979 


125. 


126. 


127. 


128. 


129. 


130. 


131. 
132. 


133. 


295 


Wiener F, Babonits M, Spira J, Bregula U, Klein 
G, Merwin RM, Asofsky R, Lynes M, Haughton 
G: Chromosome 15 trisomy in spontaneous and 
carcinogen-induced murine lymphomas of B-cell 
origin. Int J Cancer 27:51-58, 1981 

Yamada K, Yoshida M, Oami H: A 14q+ marker 
and a late replicating chromosome No. 22 in a 
brain tumor: Brief communication J Natl Cancer 
Inst 50:1193-1195, 1977 

Yunis YY, Chandler ME: High resolution chromo- 
some analysis in clinical medicine, in Stefanini M 
(ed): Progress in Clinical Pathology, vol 8. New 
York, Grune & Stratton, 1977, p. 267 

Yunis JJ, Bloomfield CD, Ensrud K: All patients 
with acute nonlymphocytic leukemia may have a 
chromosomal defect. New Engl J Med 305:135- 
139, 1981 

Zech L: Investigation of metaphase chromosomes 
with DNA-binding fluorochromes. Exp Cell Res 
58:463, 1969 

Zech L, Haglund U, Nilsson K, Klein G: Charac- 
teristic chromosomal abnormalities in biopsies and 
lymphoid-cell lines from patients with Burkitt and 
non-Burkitt lymphomas, Int J Cancer 17:47-56, 
1976 

Zech L: Unpublished manuscript, 1983 

Zeuthen J, Friedrich U, Rosen A, Klein E: Struc- 
tural abnormalities in chromosome 15 in cell lines 
with reduced expression of beta-2-microglobulin. 
Immunogenetics 4:567-580, 1977 

Zhang S, Zech L, Klein G: High-resolution analy- 
sis of chromosome markers in Burkitt lymphoma 
cell lines. Int J Cancer 29:153-157, 1982 


CHAPTER 15 


Generalized Lymphadenopathy 


in Homosexual Men 


Craig E. Metroka, Susanna Cunningham-Rundles, Joseph A. Sonnabend, 
Richard D. Fernandez, and Janet Mouradian 


Since 1981, an outbreak of community-acquired 
immune dysfunction has been reported in over one 
thousand homosexual men.?-18.26.38 These patients 
came to medical attention either with opportunis- 
tic infections such as Pneumocystis carinii pneu- 
monia, ulcerative herpes simplex lesions, dis- 
seminated Cryptococcus neoformans, Candida 
esophagitis, and disseminated cytomegalovirus 
(CMV), or with neoplasms such as Kaposi’s sar- 
coma or malignant lymphomas. 

More recently, an increased incidence of gener- 
alized lymphadenopathy has been recognized in 
previously healthy male homosexual patients in 
large cities.+?° The patients typically present with 
lymphadenopathy of at least 3 months’ duration 
involving two or more extrainguinal sites, in the 
absence of any current illness or drugs known to 
cause lymphadenopathy. The lymph node histol- 
ogy is characterized by explosive follicular hyper- 
plasia involving both the cortex and medulla with 
attenuation of the mantle zone.”® The experience 
accumulated to date with generalized lymphade- 
nopathy in this patient population is summarized 
in this chapter. Most of the data are derived from 
our experience at The New York Hospital. The 
data suggest that generalized lymphadenopathy is 
part of a spectrum of a new disorder manifested 
by acquired immunodeficiency, autoimmune phe- 
nomena, opportunistic infections, Kaposi’s sar- 
coma, and, in some cases, malignant lymphomas. 
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Patient Population and Presentation 


The characteristics of this patient population, 
based on the first 45 patients studied at The New 
York Hospital,?8 are as follows: The patients were 
all men 20-54 years old (mean 32 years); 36 were 
white, 5 were black, and 4 were hispanic. All the 
patients described themselves as homosexual (43) 
or bisexual (2) with multiple anonymous sexual 
partners (1-4 sexual contacts with different indi- 
viduals weekly). Approximately 33% of the pa- 
tients knew other individuals with acquired immu- 
nodeficiency, and approximately 20% of the pa- 
tients were aware of having had sexual contacts 
within the last year with individuals who subse- 
quently developed Kaposi’s sarcoma, opportunis- 
tic infections, malignant lymphomas, or general- 
ized lymphadenopathy. None of the patients had 
a personal or family history of unusual, severe, 
or recurrent infections prior to the onset of symp- 
toms. 

The known exposure to individuals who subse- 
quently developed Kaposi’s sarcoma, opportunis- 
tic infections, malignant lymphomas, or general- 
ized lymphadenopathy strongly supports the 
hypothesis that this syndrome is, in part, caused 
by an infectious agent. However, we cannot rule 
out the possibility that these diseases reflect com- 
mon lifestyle factors or another factor not yet de- 
termined. Ninety-five percent of the patients had 
a history of multiple-drug use, the most frequently 
used substances being marijuana and nitrites.?8 Al- 
though 97% of the patients had a history of multi- 
ple sexually transmitted diseases, no single vene- 
real disease or treatment was common to these 
patients. The similarity of this patient population 
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in age, frequency of sexual contacts, and history 
of prior sexually transmitted diseases with other 
groups of patients who have presented with Kapo- 
si’s sarcoma!®5 suggests that we are dealing with 
an interrelated population of patients who share 
similar risk factors. 


Clinical Illness 


A summary of the presenting clinical symptoms 
based on the first 45 patients in the study is pre- 
sented in Table 15-1. Approximately 40% of the 
patients recalled a viral-like illness, infection with 
either hepatitis A or B viruses, or infection with 
amebiasis just prior to the onset of lymphadenopa- 
thy. Most of the patients had lymphadenopathy 
for longer than 6 months. The longest duration, 
in a study in San Francisco, was 20 years (D. 
Abrams, personal communication). The most fre- 
quent complaint at presentation was easy fatigabil- 
ity, which was usually mild. Intermittent fever 
greater than 38°C was present in approximately 
10% of the patients in the absence of an identifiable 
source of infection. Other complaints included der- 
matitis unresponsive to topical steroids for the du- 
ration of the lymphadenopathy, and dyspnea in 
the absence of chest x-ray and physical findings. 

On initial physical examination, all the patients 
had lymphadenopathy involving two or more ex- 
trainguinal sites. The axillary lymph nodes tended 
to be the largest, but involvement included the 
cervical, occipital, submental, submandibular, su- 
praclavicular, epitrochlear, and inguinal lymph 
nodes. The lymph nodes were usually discrete but 


TABLE [5-1 Symptoms at the Time of Presentation 
Symptoms Patients (%) 
Fatigue 75 
Sweating 30 
Nightsweats 24 
Decreased Libido 20 
Myalgias 20 
Recurrent “‘viral-like” illnesses 17 
Weight loss 10 
Fevers 10 
Dyspnea 
Dermatitis 
Sinusitis 
Diarrhea 


Herpes zoster 
Diffuse alopecia 
Neuropathic pain 


a=W 
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were occasionally matted together and tender, and 
ranged from 0.5 to 5.0 cm in diameter. Spleno- 
megaly was the next most frequent finding and 
occurred in 30% of the patients. The spleen typi- 
cally extended from 1 to 6 cm below the left costal 
margin and was intermittent in some patients. 


Laboratory Evaluation 


The most common hematologic abnormality was 
anemia. This was followed by lymphopenia, leu- 
kopenia, and thrombocytopenia. Examination of 
bone marrow aspirates in patients with hemato- 
logic abnormalities showed four patterns: 


1. Hyperplastic bone marrow indicating either pe- 
ripheral destruction or sequestration of mature 
cellular elements 

2. Severe bone marrow hypoplasia 

3. Marked left shift in the myeloid series 

4. Infiltration with lymphoblasts indicating a lym- 
phoproliferative disorder 


A hyperplastic bone marrow was the most com- 
mon pattern observed. 

Additional laboratory abnormalities included 
elevation of serum globulins in approximately 20% 
of our patients. Immunoelectrophoresis showed 
polyclonal elevations of IgG, IgM, and IgA. Pa- 
tients with dermatologic manifestations were 
found to have elevated levels of IgE. Mild eleva- 
tions in serum transaminases were found in ap- 
proximately 20% of the total patients. All these 
individuals lacked the hepatitis B surface antigen 
and IgM antibody to hepatitis A. 

This syndrome was also accompanied by a vari- 
ety of autoantibodies which accounted for some 
of the clinical symptoms and laboratory abnormal- 
ities. Some of the autoantibodies detected to date 
are listed in Table 15-2.2%39 Individual patients 
had one or more antibodies to target tissue. The 
presence of antibodies or immune complexes did 
not correlate well with symptoms. However, the 
most symptomatic patients tended to have levels 
of immune complexes over 8000 pg/ml. This level 
tended to fluctuate and may represent a marker 
for disease activity. The composition of these im- 
mune complexes still needs to be determined, but 
they probably consist of antibodies directed at mul- 
tiple antigens. Hypocomplementemia was detected 
in a smaller number of patients (B. Gordon, un- 
published observations). 
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TABLE 15-2 Autoimmune 
Phenomena 


Antibodies to erythrocytes 
Antibodies to HLA antigens 
Antibodies to lymphocytes 
Antibodies to platelets 

Antibody to sperm 

Antibodies to coagulation factors 
Antibody to interferon 

Antibody to double-stranded DNA 
Antibody to single-stranded DNA 
Antibody to ENA 

Rheumatoid factor 

Lupus-type anticoagulant 
Immune complexes 

Cryoglobulins 


Studies 


Infectious Disease Studies 


There was no evidence for a single infection com- 
mon to all the patients, as demonstrated by bacte- 
rial, fungal, and viral cultures from blood, urine, 
semen, and lymph nodes. Of note is that Mycobac- 
terium avium intracellularae has been isolated 
from the bone marrow and Cryptococcus neofor- 
mans from the lymph nodes of patients in the 
absence of granuloma formation. The inability to 
form granulomas probably reflects the underlying 
T cell defect. 

All of the 120 patients had antibody to the-viral 
capsid antigen of Epstein-Barr virus (EBV) (1:40 
to 1:5120). Many of the most symptomatic pa- 
tients tended to have the highest titer to this anti- 
gen. However, none of the patients had a positive 
heterophil antibody, and the high titer to the viral 
capsid antigen of EBV most likely represents reac- 
tivation of EBV. Most of the patients had antibody 
to CMV (1:8 to 1:>512) and herpes simplex virus 
(1:8 to 1:32). The sera of several patients were 
anticomplementary in the assay for complement- 
fixing antibody to CMV and herpes simplex virus. 


Immunologic Evaluation 


Of 120 patients evaluated at our institution, only 
5 had cutaneous reactivity to intradermal testing 
with antigens that included purified protein deriva- 
tive of tuberculosis, mumps, Candida, and Tricho- 
phyton (C.E. Metroka, unpublished observations). 

A reversal of the helper-to-suppressor T cell 
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ratio has been documented in patients with Kapo- 
si’s sarcoma,}*° opportunistic infections,!91%-2638 
or generalized lymphadenopathy,*-** as well as 
in asymptomatic promiscuous male homosexuals** 
and symptomatic female prostitutes (J.I. Wallace, 
personal communication). Impaired monocyte 
function and abnormal lymphocyte composition 
was described in one study.” 

Evaluation of the first 45 patients with general- 
ized lymphadenopathy at our institution showed 
a marked reduction in natural killer cell activity 
in 67% of the patients.26 Depressed natural killer 
cell activity has been reported to occur only in 
patients with certain primary immunodeficiency 
diseases or with malignancies.?! The inability to 
augment this activity with interferon in in vitro 
studies indicates that natural killer cells and/or 
precursor natural killer cells are depleted or func- 
tionally suppressed.*! This also suggests that im- 
munotherapy may have to be directed at more 
than one level of immunoregulation and that inter- 
feron may not be adequate to serve this function. 

An acid-labile form of an interferon has been 
identified in patients with Kaposi’s sarcoma and 
generalized lymphadenopathy.'! The physical 
properties of this interferon are similar to those 
of the interferon found in patients with systemic 
lupus erythematosus and other autoimmune 
disorders.3! It has been suggested that interferon 
may contribute to these disorders.1! In another 
study (S. Cunningham-Rundles, unpublished ob- 
servations), however, patients with Kaposi’s sar- 
coma who did not have detectable levels of inter- 
feron obtained either partial or complete remission 
of their skin lesions with interferon treatment. This 
suggests that interferon may be useful in patients 
who lack circulating interferon and that immu- 
notherapy may have to be individualized depend- 
ing upon the defects observed. 

Studies performed on 100 patients at our insti- 
tution showed a lower proliferative response to 
various mitogens (pokeweed mitogen, phytohem- 
agglutinin, and concanavalin A) and antigens (Es- 
cherichia coli, Candida, Staphlococcus aureus, and 
CMV) than would be expected of an age-matched 
control group. A negative lymphocyte response 
to one activator and a strongly positive response 
to another was found in all patients. It must be 
emphasized that there is no one immunologic test 
that is diagnostic for this syndrome; neither is 
there a close correlation between the lymphocyte 
activation studies, the extent of inversion of the 
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helper-to-suppressor T cell ratio, and the degree 
of clinical impairment (C.E. Metroka and S. Cun- 
ningham-Rundles, unpublished observations). 
However, the greater depression in lymphocyte 
response to the microbial B lymphocyte activators 
suggests that these may be a more sensitive indica- 
tor for generalized immunosuppression. A similar 
impaired proliferative response to the B cell activa- 
tors has been noted in common variable immuno- 
deficiency disease.? This, combined with depressed 
natural killer cell activity appears to identify pa- 
tients with acquired immunodeficiency. 

We have also observed patients who presented 
with Pneumocystis carinii who had essentially nor- 
mal in vitro lymphocyte studies, but subsequently 
developed marked depressions in one or more of 
these tests.2” This suggests that either the initial 
deficit is limited to an extremely small subset of 
T cells or B cells, which is not always detected 
by our assays and which determines susceptibility 
to new infections or reactivation of latent viral 
infections. This, however, indicates that once initi- 
ated, the immunologic abnormalities as detected 
by the in vitro mitogen studies were progressive 
in some patients. 

More recently, we have observed that sera from 
patients with Pneumocystis carinii had a strong 
capacity to block the normal T cell response in 
healthy control donor lymphocytes.!° All of the 
patients with Pneumocystis carinii also had abnor- 
mal lymphocyte responses to the T cell activators 
in pooled normal human serum-supplemented cul- 
tures. Absorption with sheep red blood cells was 
effective in removing serum factors blocking nor- 
mal lymphocyte response to phytohemagglutinin 
and, in some cases, to allogenic cells where allo- 
genic absorption did not prevent serum inhibition 
of phytohemagglutinin response. Conversely, allo- 
genic absorption removed serum factors blocking 
normal response in mixed lymphocyte cultures at 
least as well as, or better than, sheep red blood 
cell absorption. Increasing the number of absorp- 
tions increased the efficacy of allogenic absorption. 
The positive effect of allogenic absorptions was 
observed only when the stimulating allogenic cell 
pool in the mixed lymphocyte cultures was the 
same pool as that used in absorptions. This block- 
ing factor has also been detected in patients with 
Kaposi’s sarcoma and generalized lymphadenopa- 
thy. The results suggest that both anti-T lympho- 
cyte and anti-major histocompatibility complex— 
linked determinants are present in the sera of pa- 
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tients with acquired immunodeficiency. They also 
suggest that the immunodeficiency in these pa- 
tients may occur at more than one level, and that 
serum blocking factors may be associated with the 
development of this syndrome. 

We have also observed improvement in the re- 
sponse to the specific mitogens and antigens in 
patients with generalized lymphadenopathy after 
a monogomous relationship was entered, suggest- 
ing that the immunologic deficits may be partially 
or completely reversible in some patients in the 
early phase of the syndrome (C.E. Metroka, S. 
Cunningham-Rundles, unpublished observations). 
Our results, however, demonstrate that patients 
with generalized lymphadenopathy have profound 
loss of both T cell and T-dependent B cell function 
as studied in lymphoproliferative assays. 

As reported for Kaposi’s sarcoma, we found 
a higher frequency of HLA phenotype DR5 (45%) 
than would be expected to occur in the general 
population. It will be of interest to determine 
whether the DR3 antigen offers patients with gen- 
eralized lymphadenopathy a relative degree of pro- 
tection against the development of Kaposi’s sar- 
coma, as previously suggested.%° 


Histopathology of Lymph Nodes 


Approximately 100 lymph node biopsies were re- 
viewed at our institution. Some of the patients 
underwent multiple biopsies at other institutions 
prior to referral for further management. The 
lymph nodes were characterized by marked and 
explosive follicular hyperplasia involving both the 
cortex and medullary zones (Figure 15-1). The 
follicles tended to become confluent with increas- 
ing size of the follicles, along with partial disrup- 
tion of the mantle zone. Some interfollicular areas 
showed active expansion with marked vascular 
proliferation and increased numbers of plasma 
cells and immunoblasts. 

The cellular composition within the center of 
the follicles varied. In some cases, the follicles were 
composed of normal reactive constituents. With 
greater expansion of the follicles, there was an 
increase in the proportion of large cleaved cells, 
large noncleaved cells, and immunoblasts (Figure 
15-2). Significantly, these reactive changes were 
present even in lymph nodes that were normal 
in size. The follicular expansion was limited in 
several patients, with progressive activation of the 
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FIGURE 15-1 Low-power photomicrograph of a 
lymph node showing striking follicular hyperplasia with 
prominent mantle zone involving both the cortex and 
medulla. Hematoxylin and eosin stain, <9.6. 


active follicle centers, showing the predominance of 
large cells, both cleaved and noncleaved. Note the scat- 
tered macrophages with phagocytic nuclear debris. He- 
matoxylin and eosin stain, X60. 


interfollicular zone resulting in follicular regres- 
sion with hyalinization of the germinal centers. 
At the terminal phase of the disease there was 
neoplastic transformation in several patients, 
showing Burkitt’s lymphoma (Figure 15-3) and 
immunoblastic sarcoma (Figure 15-4). Kaposi’s 
sarcoma was identified in lymph nodes whose ar- 
chitecture was largely effaced by nodules com- 
posed of interweaving fascicles of spindle cells 
(Figure 15-5). Finally, Cryptococcus neoformans 
was detected infiltrating the lymph nodes (Figure 
15-6). 


FiGurE 15-3 Burkitt’s lymphoma in a lymph node 
that is completely replaced by uniform neoplastic cells 
with the characteristic “‘starry-sky” pattern. Hematoxy- 
lin and eosin stain, X60. 
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FIGURE 15-4 High-power photomicrograph of a case 
of immunoblastic sarcoma with large noncleaved vesicu- 
lar nuclei and prominent central nucleoli. Hematoxylin 
and eosin stain, X96. 


The reactive changes found in the lymph nodes 
were reminiscent of the findings in graft-versus- 
host disease,'®23 X-linked lymphoproliferative dis- 
ease,??-434 chronic infectious mononucleosis, !%33 
and the lymphoproliferative disorders in renal 
transplant recipients.*?? Immunofluorescent, se- 
rologic, and DNA hybridization studies have 
suggested that EBV is responsible for these lym- 
phoproliferative disorders,?°3335 and it has 
been suggested that EBV plays a central role in 
the production of lymphadenopathy in these pa- 
tients.28 
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FIGURE 15-5 Photomicrograph of a lymph node 
largely replaced by metastatic Kaposi’s sarcoma charac- 
terized by spindle cells growing in various directions, 
surrounding and lining slitlike vascular spaces. Hema- 
toxylin and Eosin stain, X24. 


Conclusions and Speculations 


Generalized, persistent lymphadenopathy has re- 
cently been described in male homosexuals.*?8 The 
results accumulated to date indicate that general- 
ized lymphadenopathy is associated with signifi- 
cant immunologic abnormalities and may be a pre- 
cursor to a life-threatening opportunistic infection, 
malignant lymphomas, and Kaposi’s sarcoma. All 
of the available evidence indicates that the primary 
event is an acquired immune dysfunction. 


trating one of many multinucleated giant cells contain- 
ing numerous round and oval yeast forms of Cryptococ- 
cus neoformans. gomori-methenamine silver stain, X60. 
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A proposed minimal evaluation of patients with 
generalized lymphadenopathy or suspected ac- 
quired immunodeficiency is presented in Table 15- 
3. Antibody to the viral capsid antigen of EBV 
should probably be included in this evaluation. 
However, other infectious causes, such as syphilis, 


*. acute infectious mononucleosis, CMV infection, 
_ and hepatitis must be ruled out before an extensive 


work-up is undertaken. As emphasized earlier, this 
disorder is accompanied by multiple clinical mani- 
festations and has no diagnostic tests. A lymph 


, node biopsy should be performed on any patient 
P with generalized lymphadenopathy of greater than 


3 months’ duration in the absence of an identifiable 
cause. This is particularly important in any patient 
who is symptomatic or if there is a rapid increase 
in the size of the lymph nodes. Infections such 
as Mycobacterium avium intracellularae and Cryp- 
tococcus neoformans, as well as malignancies such 
as Kaposi’s sarcoma and malignant lymphomas, 
have been diagnosed on lymph node biopsy. 

Finally, this group of patients would be ex- 
pected to have a similar frequency as compared 
to an age-matched control group of other malig- 
nant disorders, such as Hodgkin’s disease, whose 
presentation may be indistinguishable from that 
of acquired immunodeficiency. One patient re- 
ferred for evaluation was found to have Hodgkin’s 
disease on lymph node biopsy (C.E. Metroka, un- 
published observations). On the other hand, in vi- 
tro lymphocyte studies should probably be limited 
to medical centers actively involved in patient care 
or interested in perspectively studying these pa- 
tients. The indiscriminate use of these tests will 
only increase the level of anxiety in the general 
population and will not contribute to our under- 
standing of this disorder. 

Recently, a theory was proposed that accounts 
for the heterogeneous aspects of this syndrome.?8 


TABLE 15-3 Proposed Minimai Evaluation of Patients 
with Generalized Lymphadenopathy 


Intradermal skin testing with recall antigens 

Complete blood count, differential, platelet count 

Erythrocyte sedimentation rate 

Liver function tests 

Uric acid 

Serum globulins 

Serum protein electrophoresis and immunoelectropho- 
resis in patients with elevated serum globulins 

Serologies for EBV 

Lymph node biopsy 
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It was suggested that reactivation of EBV plays 
a central role in the production of lymphadenopa- 
thy and is instrumental in the production of au- 
toantibodies. This was suggested by the histologic 
features, similarities between this syndrome and 
those mediated by EBV, and the elevated level 
of antibody directed against the viral capsid anti- 
gen of EBV. Many of the most symptomatic pa- 
tients had the highest titer to this antigen. Elevated 
antibody to the viral capsid antigen has been re- 
ported in patients with Kaposi’s sarcoma’ as well 
as in patients with various lymphoproliferative 
disorders.24 However, breakdown of host immu- 
nity appears to be a prerequisite for EBV-induced 
lymphoproliferation to occur. Guarding against 
this are neutralizing antibodies to viral antigens, 
memory T cells, and natural killer cells. 

It is suggested that there are repeated episodes 
of EBV reactivation in these patients by factors 
encountered in a promiscuous lifestyle. Initially, 
the immunosuppression may be reversible. How- 
ever, as mechanisms for containing the EBV infec- 
tion become impaired, the number of B cells in- 
fected with EBV increases and the repertoire of 
antibodies also increases. CMV, because of its 
prevalence in the homosexual population’? and its 
profound immunosuppressive effects, must be con- 
sidered a candidate in the initiation process. It 
has been observed that when antigens are pre- 
sented orally to the gut-associated lymphoid tissue, 
suppressor cells may dissociate widely from gut- 
to non—gut-associated lymphoid tissue, inducing 
a specific hyporesponsiveness to that antigen.4® 
Consequently, the route and the frequency of pre- 
sentation may be important in causing the initial 
immunosuppression. The degree of immunosup- 
pression may be further augmented by the presence 
of immune complexes, nitrites, seminal fluid, and 
intercurrent infections. All of these have been 
shown to cause immunosuppression and may pro- 
duce their effects by different mechanisms. Finally, 
as the disease evolves, malnutrition and cachexia 
undoubtedly further immune deficiency. 

Any role that semen or nitrites play, however, 
is probably secondary, since homosexual practices 
are not new and some of the patients that we have 
studied denied drug use. The generalized immuno- 
suppression that results could arise from the activ- 
ity of nonspecific suppressor T-cells, B cell involve- 
ment or from the failure of memory T cells to 
control this proliferation. This picture is reminis- 
cent of many of the features in infectious 
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mononucleosis.3#3642 This model takes into ac- 
count the heterogeneous aspects of the disease, 
some of which are mediated by autoantibodies. 
Autoantibodies can form against constituents of 
blood and result in cryoglobulinemias, rheumatoid 
factor, immune complexes, anemia, lymphopenia, 
thrombocytopenia, and bleeding disorders. All of 
these have been observed in our patients and may 
be regarded as “epiphenomena” since they are not 
present in all patients and may occur after variable 
periods of time. 

The immune dysfunction would thus begin as 
an asymptomatic acquired immune abnormality,** 
and in a smaller subset of affected individuals, 
eventuate in autoimmune phenomena, systemic 
symptoms, generalized lymphadenopathy, Kapo- 
si’s sarcoma, opportunistic infections, and malig- 
nant lymphomas. The clinical manifestations may 
occur rapidly or after a prolonged latent period. 
The course would be dependent upon functional 
disturbances in subsets of T lymphocytes, genetic 
factors, and exposure to agents that could augment 
the level of immunosuppression. The types of op- 
portunistic infections may also be determined by 
organisms endogenous to a particular part of the 
country. It has been proposed that Kaposi’s sar- 
coma, generalized lymphadenopathy, opportunis- 
tic infections, and, in some cases, malignant lym- 
phomas are part of a spectrum of the same 
disorder. The malignant lymphomas that have 
been observed may represent an opportunistic 
form of EBV-induced B cell neoplasia. 

While this syndrome has been identified in male 
homosexuals, there is no reason to assume that 
it will be limited to this population. Opportunistic 
infections have been described in female prostitutes 
G.I. Wallace, personal communication), intrave- 
nous drug abusers,2®27 hemophiliac patients,® and, 
more recently, the Haitian population.” These find- 
ings further support an infectious etiology in at 
least initiating the immune defects. We also cannot 
rule out the possibility that these diseases have 
been present but have been unrecognized by the 
medical community. In support of this is our ob- 
servation that Pneumocystis carinii and other op- 
portunistic infections have been identified in au- 
topsies of intravenous heroine abusers who died 
5-10 years prior to the recognition of the present 
syndrome of acquired immunodeficiency (C.E. 
Metroka, J. Mouradian, R. Fernandez, J. Sonna- 
bend, unpublished observations). 

At present, it is not clear whether the underly- 
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ing immunodeficiency is reversible. Neither do we 
know the natural course of this disorder. It is possi- 
ble that lifestyle factors may be modified. The com- 
plications observed to date are listed in Table 15- 
4. While infections with Brucella spp., Nocardia 
steroides, Coccidiodes immitus, Blastomyces der- 
matitis, Strongyloides stercoralis, and disseminated 
adenovirus have not been reported to date, these 
infections should be anticipated since they occur 
in patients with defective cellular immunity. More- 


TABLE 15-4 Complications in Patients with 
Generalized Lymphadenopathy 


Infectious complications 
Oral thrush 
Candidal esophagitis 
Herpes zoster 
Pneumocystis carinii 
Perirectal herpes simplex 
Disseminated Cryptococcus neoformans 
Cryptosporidiosis 
Progressive multifocal leukoencephalopathy 
Mycobacterium tuberculosis 
Mycobacterium avium intracellularae 
Toxoplasma gondii encephalitis 
Histoplasma capsulatum 
Disseminated cytomegalovirus 
Legionella spp. 
Listeria monocytogenes 
Recurrent pneumonococcal sepsis 
Staphlococcus impetigo 


Hematologic and neoplastic complications 
Severe anemia 
Severe lymphocytopenia or leukopenia 
Severe thrombocytopenia 
Lymphoproliferative disorders 
Malignant lymphomas 
Bleeding disorders 
Kaposi’s sarcoma 
Squamous cell carcinoma of the tongue 


Other complications 

Renal failure 

Progressive blindness secondary to uveitis and/or ret- 
initis (perhaps due to cytomegalovirus or toxoplas- 
mosis) 

Progressive dementia (perhaps due to cytomegalovi- 
rus encephalitis) 

Motor signs (perhaps due to cytomegalovirus en- 
cephalitis) 

Drug hypersensitivity 

Neuropathic pain 

Severe dermatitis 

Alopecia 

Arthralgias 

Systemic lupus erythematosus 

Leukocytoclastic angiitis 
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over, the higher frequency of severe Tinea versico- 
lor and Molluscum contagiosum may also reflect 
the underlying immunodeficiency and these may 
be regarded as opportunistic infections. However, 
with the exceptions of Kaposi’s sarcoma and lym- 
phoproliferative disorders, most of the opportunis- 
tic infections occur shortly after the onset of lym- 
phadenopathy (C. Metroka, and D. Abrams, 
unpublished observations). 

If treatment is to be considered, it should be 
administered at a time when the immunologic de- 
fects are still reversible. Proposed methods of treat- 
ment include plasmapheresis, augmentation of nat- 
ural killer cell activity, augmentation of specific 
T cell subsets, and the use of antiviral agents. Plas- 
mapheresis has been shown to be of benefit in pa- 
tients with various autoimmune disorders,** and 
one study demonstrated marked improvement in 
clinical and immunologic parameters in a pa- 
tient with steroid-resistant angioimmunoblastic 
lymphadenopathy.!’ Plasmapheresis would be ex- 
pected to remove the antigenic stimulators for the 
hyperimmune state as well as antigen-antibody 
complexes that can inhibit cell-mediated immune 
responses. Studies using some of these treatment 
proposals are presently underway in a number of 
medical centers. 
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CHAPTER 16 


Psychological Care 
of Patients with Cancer 


Robert S. Grayson 


As physicians have gradually improved the treat- 
ment and prognosis of patients with cancer, they 
have become increasingly interested in their pa- 
tients’ quality of life. Knowledge of the emotional 
and behavioral responses of patients, once gleaned 
mainly by an intuitive or commonsense approach, 
can now be approached more systematically. Use 
of this knowledge can enhance patients’ morale 
and well-being as they confront a still dreaded 
disease and can improve physicians’ competence 
and confidence as they treat severely ill individuals. 

The presentation in this chapter is not intended 
to be encyclopedic; it focuses on common situa- 
tions encountered in the treatment of patients with 
cancer. The discussion is responsive to questions 
about patient management that have been posed 
by colleagues in clinical conferences and individual 
meetings. The suggestions offered can be incorpo- 
rated into the mode or style of the oncologist or 
other practicing physician who is sensitive to the 
emotional needs of patients. 

As Engel has urged, it is time for medicine to 
change its conceptual approach from the biomedi- 
cal model to the biopsychosocial model of 
illness.2425 In addition to studying the anatomic 
and biochemical alterations of the sick, it is advan- 
tageous to encompass the psychological and social 
factors related to the causation, potentiation, and 
amelioration of their condition. Expressed in other 
terms, the basic conceptual approach is to consider 
the patient as a human being and not simply as 
the host of a disease. 
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General Approach to the Patient 


This approach can be employed from the initial 
contact with the patient. It can readily be applied 
with the traditional methods of the physician— 
obtaining a history, performing a physical exami- 
nation, and initiating treatment. 

In taking a history, physicians can be alert to 
two tasks simultaneously. On the one hand, they 
are eliciting the order of development of symp- 
toms. On the other hand, they are attempting to 
determine how the personality and past experi- 
ences of patients will affect their responses to the 
illness and their capacity to participate in the treat- 
ment. In the first meeting with a physician, patients 
often intersperse much information about them- 
selves as they describe their symptoms. Physicians 
who pay attention to the personal data can absorb 
and integrate them into a total view of the patient. 
Tactful inquiry is sometimes required to supple- 
ment the material that is offered spontaneously. 
Most patients appreciate this kind of interest; it 
indicates that the doctor cares about their lives, 
not only about their tumor or abnormal blood 
count. 

Beyond the usual identifying data concerning 
age, ethnic or racial background, and marital sta- 
tus, one should attempt to learn about the patient’s 
personality, work, family, and interests. In regard 
to the patient’s personality, one need not use tech- 
nical psychiatric terminology to form some idea 
of leading traits or characteristics. For example, 
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does the patient appear to be unusually dependent? 
‘Does he or she speak in a distrustful manner? Is 
this someone who sees himself or herself as the 
victim of “bad luck” or “hard fate’? Does the 
patient appear emotionally volatile or stable? Such 
an initial evaluation, even if only approximate and 
subject to later correction, will give the physician 
clues to a suitable approach to the patient. 

The composition of the patient’s family and the 
patient’s relationships with family members are 
crucial areas of information. One may need to 
know, from the very beginning, whether the pa- 
tient can rely on outside persons, such as the 
spouse, parents, children, or friends, for emotional, 
financial, and other types of support. Sometimes 
data about the patient’s relationships with others, 
particularly parents, will give a meaningful indica- 
tion of how the patient will react to the physician. 

In taking the family history of illness, the physi- 
cian is usually interested mainly in the genetic 
or hereditary aspects. In addition, patients often 
supply a wealth of information about their reac- 
tions to the illness and, where applicable, the death 
of persons close to them. These responses may 
harbinger their reactions to their own disease, as 
exemplified by the following case. 


A young married man became depressed during his 
long struggle with a lymphoma, marked by several re- 
missions on chemotherapy followed by recurrences. In 
the course of interviews, he revealed that his father had 
died when the patient was 12 years old. Prior to his 
death, the father had become progressively debilitated, 
had stopped working, and had withdrawn from his fam- 
ily. The patient was left with a lasting feeling of disap- 
pointment and shame about his father. He was now 
concerned that his own sons of school age would regard 
him as a weak, inadequate, and deficient father. Further 
inquiry revealed that the patient had actually conducted 
himself in a stoic fashion, working whenever he could 
despite fever, weakness, and other symptoms, and had 
remained devoted and attentive to his wife and children. 
Clarification of his fears and pointing out the disparity 
between his conception of himself as appearing inade- 
quate and his actual performance, helped the patient 
overcome his depression and persevere during difficult 
periods of chemotherapy. 


The physical examination is such a routine pro- 
cedure for physicians that they sometimes forget 
that it is fraught with anxiety for many patients. 
Some individuals, for example, are secretly worried 
about the appearance or function of some part 
of the body. They do not reveal their concern di- 
rectly during the history taking but allude to it 
by some seemingly inconsequential remark during 
the physical examination. Some patients experi- 
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ence feelings of shame and anxiety when the sexual 
organs and the rectum are examined. The anxiety 
can be reduced by a considerate preparatory re- 
mark before performing the procedure—for exam- 
ple, “I am now going to do an internal examina- 
tion.” 

As part of the physical examination, one should 
include observations about the patient’s mood. Pa- 
tients may express their anxiety verbally or in- 
dicate it through physical signs such as trem- 
ulousness, diaphoresis, tachycardia, or pallor. 
Depression may be signified by a characteristic 
vertical and horizontal furrowing of the brow and 
either psychomotor retardation or agitation. 

An initial assessment of the patient’s sensorium, 
that is, the clarity of his or her consciousness, 
perception, and thinking, is particularly important 
in establishing a baseline, which, if properly re- 
corded, can be used for comparison with subse- 
quent observations. The baseline is helpful later 
in the course of the illness, when one may be con- 
cerned about delirium or dementia secondary to 
fever, drugs, infection, or metastasis to the central 
nervous system. 

It can be rewarding to physicians to test their 
mettle in observation and description in writing 
down such data about patients. The oft found 
phrase in hospital charts—“This is a wd, wn alert 
male in nad”—is frequently not only imprecise 
but inaccurate. The patient may be described as 
“alert” when he is conscious and responds to sim- 
ple questions even though, on further examination, 
he may be found to be grossly disoriented, not 
knowing the name of the hospital or the year. 
The abbreviation “nad”—no acute distress—is 
also often misleading. It is sometimes recorded 
perfunctorily even when the patient has entered 
the hospital—from his standpoint—because of in- 
tolerable pain. Furthermore, it does not take into 
account the considerable emotional distress, mani- 
fested as anxiety, depression, or demoralization, 
felt by some people on being hospitalized.*! On 
the other hand, when physicians are alert to such 
data, they are not only making a contribution to 
the description and understanding of the patient’s 
medical condition per se, they are also recognizing 
the validity of what the patient feels and is experi- 
encing. 

As part of the initial diagnostic workup, oncolo- 
gists often perform or order a large array of tests— 
blood tests, bone marrow biopsy, lymph node 
biopsy, x-ray studies, sonograms, and computer- 
ized tomographic scans. To patients who are unini- 
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tiated to these procedures, they are often confusing 
and frightening. Explanations of the reasons for 
the procedures and what they actually entail often 
help to reduce anxiety. If pain or discomfort is 
involved, patients are thereby prepared for it; or 
if they are minimal, the patients are reassured. 
An estimate of the time required in the procedures 
is also helpful. Explanations are sometimes omit- 
ted for the elderly, the confused, and the unedu- 
cated on the grounds that they would not under- 
stand anyway; but, to the contrary, they are 
particularly important for such individuals, who 
are especially prone to misinterpret what they do 
not understand. The explanations, however, must 
be geared to their level of comprehension. 

In short, certain general principles can be ap- 
plied to standard medical practices to broaden 
their scope to include the psychological and social 
aspects of patient care. The history is enlarged 
to incorporate pertinent data about the individual’s 
personality, family, work, and level of social func- 
tioning. The physical examination includes data 
concerning the patient’s emotional state and cogni- 
tive functioning. An important point is that al- 
though the mental status examination may be con- 
sidered a part of the physical examination, a good 
portion of the observations are actually made while 
one is taking the history. One may note, for exam- 
ple, that a patient comes close to tears as he reveals 
his apprehension about not being able to work. 
Along a different line, one may make observations 
about a patient’s memory as she recounts the 
events and dates about her own illnesses and those 
of her relatives. 

By taking the added interest in patients’ psycho- 
logical functioning, one is, in effect, eliciting their 
sense of collaboration in the forthcoming steps of 
diagnosis and treatment. That collaboration is fa- 
cilitated by the explanation of each step as it arises. 
At the same time, the patients’ anxiety and poten- 
tial for feeling manipulated, or being “used for 
an experiment,” are reduced. 


Problems at Each Stage of Illness and 
Suggestions for Management 


Initial Diagnosis 


The patient’s learning that he or she has leukemia, 
lymphoma, or any other serious illness often con- 
stitutes a trauma in the psychological sense. When 
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one thinks of a physical trauma, one conjures up 
an image of a physical blow, of violence, and of 
serious injury that the recipient has difficulty in 
withstanding. With a psychological trauma, the 
emotional stress is overwhelming, and the impact ; 
is more than the individual can endure at the mo- 
ment. The resulting manifestations are highly 
varied;3985 they often consist of intense anxiety, 
sometimes to the point of panic, disorganization, 
or flight from the scene. Other common reactions 
are incredulity, numbness, anger, depression, and 
despair. 

The physician can help attenuate these distress- 
ing reactions through compassion, sensitivity, and 
careful management.}°38-85 First of all, one need 
not impart all of the information abruptly or at 
one time. A preparatory statement is often helpful 
in allowing the patient to “gird his loins” emotion- 
ally, or to muster his psychological defenses. The 
type of statement will depend on the style of the 
physician and the characteristics of the patient. 
Some examples are as follows: “The test results 
did not turn out as favorably as we had hoped.” 
“I am sorry to say that some abnormal cells have 
been found in your bone marrow.” “We had hoped 
that this would be a benign condition, but it has 
turned out to be more serious.” 

Such a preparatory statement allows the patient 
to anticipate an unfavorable diagnosis. What the 
physician does next, in terms of content and tone, 
should depend on observations of the patient’s re- 
actions. If the patient shows undue anxiety at this 
point, the physician may offer appropriate reassu- 
rance and defer imparting more facts. If the pa- 
tient, on the other hand, appears to be coping 
reasonably well, the physician may go on with 
more specific information. 

Dividing the delivery of discomfiting news over 
a number of visits may help some patients to ac- 
commodate to the situation. In others, of course, 
the tension may be unbearable. One has to individ- 
ualize one’s procedure according to the patient. 

In general, one should not impart stressful in- 
formation, such as “You have leukemia,” over the 
telephone. It is more appropriate to have patients 
come into the office, where one can observe their 
reactions and provide suitable explanations and 
comfort. Often it is helpful to have another mem- 
ber of the family present to share in the reception 
of the diagnosis and to be available for emotional 
support. 

Conveying hope is of paramount importance. 
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One should follow up informing the patient of 
the diagnosis with a message of optimism tempered 
with realism. Many people fear the worst when 
they hear that they have cancer, believing they 
have an untreatable, incurable disease that will 
lead inexorably to death. It is necessary to empha- 
size that treatment is available and helpful when 
this is the case. One need not, however, go into 
extensive detail initially, since many people are 
emotionally unready to absorb a large quantity 
of complex, technical data. What is more relevant 
is to convey that one does have a treatment plan 
that will be beneficial. One should allow time to 
answer patients’ questions and rectify any falla- 
cious ideas about cancer and treatment, e.g., that 
chemotherapy is reserved for terminal cases. 
Sometimes patients bring out their recollections— 
often, distorted perceptions—of relatives or friends 
who have died of cancer. It is beneficial to correct 
misconceptions and to help patients differentiate 
between other persons’ illnesses and their own. 

The fear of abandonment, one of the most uni- 
versal and deepest of human concerns, may arise 
at the moment that patients learn of their illness, 
although they may not express it. If the physician 
expects to continue with the patient’s care 
throughout the illness, it is reassuring to indicate 
this intention. 

The preceding discussion assumes that the phy- 
sician intends to inform the patient of the diagnosis 
of cancer. That assumption is based on the prevail- 
ing practice of most physicians in the United States 
at the present time. It is well to remember, how- 
ever, that this has not always been the custom 
in this country and is not the current mode in a 
number of other countries. A study done in 1961 
showed that 88% of physicians surveyed at Mi- 
chael Reese Hospital, in Chicago, Illinois, usually 
did not tell their patients that they had cancer. 
In 1979, a questionnaire presented to physicians 
at Strong Memorial Hospital, in Rochester, N.Y., 
revealed an almost complete reversal of those 
figures.*! In the latter study, 98% of the physicians 
surveyed usually did tell their patients that they 
had cancer. The change in the prevalent practice 
is due to a more optimistic view of cancer treat- 
ment, the need for informed consent, and a general 
societal trend toward more openness. 

There is much to be said for informing patients 
accurately about the diagnosis. Informed patients 
are able to participate in the decision whether to 
undertake treatments that are often quite rigorous 
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and even dangerous. They are prepared, conse- 
quently, to cooperate more intelligently with the 
recommended diagnostic and therapeutic proce- 
dures. Physicians, moreover, do not feel that they 
have to deal with a deception when they have 
been honest and candid. 

On the other hand, one might question the wis- 
dom of adopting a uniform way of proceeding for 
all people. After all, just two decades ago, physi- 
cians of no less competence or integrity usually 
did not inform their patients; and some physicians 
in the United States and many who practice abroad 
still are not candid. Hence, ideas of what is appro- 
priate may be relative to the culture and time in 
which one finds oneself. 

Perhaps it is preferable not to react automati- 
cally and apply the commonly accepted method 
to every patient but rather to consider what is 
best for each particular individual. For some pa- 
tients, an ambiguous explanation, e.g., that they 
have a “tumor,” may be indicated to permit their 
denial to continue even while they embark on a 
treatment plan. Informing them of the full truth 
may have to be postponed for some time or even 
indefinitely. 


Treatment Phase 


The principle of individualization, discussed previ- 
ously in regard to informing patients about the 
diagnosis, applies even more definitely to planning 
the treatment regimen. This principle poses a chal- 
lenge to practitioners to utilize not only their ex- 
tensive knowledge of therapeutics but also their 
ingenuity in finding the most appropriate regimen 
for a particular patient. In application, it means 
going beyond answering the question “What is 
the optimal treatment for this condition?” to deter- 
mining “What is the optimal treatment for this 
condition found in this patient?” Experienced cli- 
nicians are accustomed to modifying the so-called 
optimal regimen because of physical complica- 
tions. For example, one might avoid using doxoru- 
bicin in a patient with impaired cardiac function 
and cisplatin in someone with compromised renal 
function. Similarly, one may be required to modify 
the treatment plan if it engenders intolerable fear 
and aversion on the part of the patient. Otherwise, 
the patient may refuse treatment or go elsewhere. 


Chemotherapy 
Nausea and vomiting, loss of hair, weakness, and 
lassitude are the physical symptoms that most dis- 
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turb patients. While many of the drugs used in 
chemotherapy have a potent pharmacologic effect 
in producing nausea and vomiting, emotional fac- 
tors often play a role in potentiating those 
symptoms.**?9 Any procedure that lessens the pa- 
tients’ anxiety, whether about the illness and treat- 
ment themselves or about outside factors, may help 
decrease the nausea and vomiting. In some in- 
stances, frank discussion with the primary physi- 
cian and the opportunity to ventilate their con- 
cerns, will serve to reduce patients’ tension. 
Various drugs, particularly the phenothiazines,295° 
6-9-tetrahydrocannabinol,!43° and metoclopra- 
mide,*? are frequently of value. For some patients 
who might ordinarily be treated in the office or 
clinic, hospitalization may be indicated because 
of the emotional support provided by a 24-hour 
medical and nursing staff and the relief from 
stresses in the home environment. 

The loss of hair is one of the most emotionally 
disturbing experiences found in patients undergo- 
ing chemotherapy. The symbolic meaning of the 
alopecia has import beyond the actual physical 
phenomenon. To many patients, it signifies a loss 
of beauty and acceptability to others. To some 
people, it is a very tangible constant reminder that 
they are receiving chemotherapy and have cancer. 
Still, the reason alopecia is so distressing to many 
individuals is not fully understood and should be 
the subject of further research. As to practical 
management, it is advisable from the outset not 
only to inform patients that they will lose their 
hair but also to reassure them that the hair usually 
grows back after the cessation of the chemother- 
apy. It is helpful to suggest that they obtain a 
hairpiece before starting treatment and, where fea- 
sible, to recommend a skilled wigmaker who has 
had experience with patients with cancer. 


Radiotherapy 
The preparatory stage, in which the portals for 
irradiation are outlined with a dye on the body, 
is sometimes a period of marked anxiety. Up to 
this point, patients may not have assimilated to- 
tally the fact that they are afflicted with cancer. 
Then, when the body is marked with the dye, the 
final denial is abrogated, and anxiety is manifest, 
occasionally to the point of panic. 

The radiation procedure itself is fearsome to 
many people because of the strangeness of the 
equipment, the impersonal quality of the surround- 
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ings, and the sensory deprivation. These fears can 
be allayed by explanations ahead of time, having 
the patient meet with the x-ray personnel and be- 
come acquainted with them, and maintaining com- 
munication while the patient is undergoing the 
treatment. 

Finally, the completion of a course of radiother- 
apy precipitates an upsurge of anxiety for some 
people.‘ This phenomenon is related to the fear 
of separation from the personnel, on whom the 
patient has become dependent, and the associated 
fear of what may happen with the absence of the 
treatment and the associated “protectors.” Similar 
reactions are seen also in some patients as they 
come to the end of a course of chemotherapy. 


Surgery 

Although the technical advances in surgery and 
anesthesia have vastly improved morbidity and 
mortality rates, patients still often approach an 
operation with anxiety. The degree of anxiety and 
the reasons for it differ markedly from individual 
to individual.’ Some people are very frightened 
of “going under” during anesthesia, the loss of 
consciousness portending the “endless sleep” of 
death. Others feel threatened by the loss of control, 
fearing that they may say or do something bizarre 
when they do not have full control of their facul- 
ties. 

Many patients are afraid of pain. Some place 
the emphasis on whether they will be able to toler- 
ate the pain. Others, however, are more concerned 
about their behavior-—that is, whether they will 
be able to conduct themselves in a stoic or heroic 
manner postoperatively as they encounter physi- 
cians, nurses, and relatives. 

The fear of mutilation is widespread. In opera- 
tions involving the removal of a breast,*? the 
uterus, or the testicle, patients frequently have 
worries about their sexual attractiveness and ap- 
prehension about their being able to maintain their 
relationships with spouse and close friends. 

When cancer is suspected or diagnosed, a par- 
ticular aura of dread is noted in many persons. 
The outcome of the surgery may portend literally 
life or death to such persons. Sometimes patients 
ask for “the verdict,” suggesting that they view 
the operation in moral or judgmental as well as 
medical terms. A “bad verdict” may confirm their 
idea that they are being “punished” for something 
they did or thought. 
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Increased Awareness of the Patient’s Emotional 
Plight 


Eliciting Patient’s Reactions Patients who are re- 
ported as “doing well” may be constructing an 
artificial facade, behind which lies significant anxi- 
ety, guilt, anger, or depression. If patients do not 
spontaneously express their emotional reactions 
to the illness or the proposed treatment, some 
broad inquiries on the part of the practitioner are 
often in order. Such inquiries may be posed as, 
“What are your fears?” “Have you had some wor- 
ries that you have not told me about?” and “What 
problems do you face?” 

Some of the fears that patients commonly har- 
bor have already been mentioned. They include 
fear of pain, fear of loss of control, and fear of 
dying and of death itself. Other significant fears 
are related to loss of attractiveness, loss of loved 
ones, and loss of ability to maintain one’s ability 
to work. Such a listing, however, does not do jus- 
tice to the uniqueness and diversity of apprehen- 
sions, dreads, and fears of the people who are af- 
flicted with cancer. One cannot know, for example, 
unless one has information from patients, whether 
they are concerned that cancer is contagious and 
that they may transmit it to their spouse or chil- 
dren. To some, the dread of impotence, frigidity, 
or sterility is of overriding importance. To others, 
the prospect of being punctured by a needle may 
precipitate panic. The fear of strangers, a residue 
of early childhood fears, frequently recurs in the 
hospital situation. To persons who have a large 
emotional investment in their intellectual func- 
tions, the threat of impairment of mental abilities 
often leads to marked anxiety, which is augmented 
by the recommendation to have cranial irradiation 
or an Ommaya shunt. 


Recognition of Guilt Feelings The suffering that 
patients experience with cancer is sometimes sig- 
nificantly increased by feelings of guilt, usually 
of an irrational nature. Occasionally, patients ex- 
press their guilt feelings directly, stating that they 
believe their illness to be the result of actions or 
of a way of life. For example, a depressed, with- 
drawn high-school senior with acute lymphatic 
leukemia attributed his illness to his having 
“burned the candle at both ends.” 

More often, patients express themselves less di- 
rectly. They give clues to their underlying guilt 
feelings with such expressions as “I don’t under- 
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stand why I have cancer. I did nothing wrong.” 
The statement “I did nothing wrong” indicates 
that the patient had the idea that he or she had 
done something wrong but then dismissed, or neg- 
ated, the idea. Another expression indicating guilt 
is the frequently heard objection to treatment “I 
don’t deserve this punishment.” Here again, the 
patient has some perception of feeling guilty and 
deserving punishment but rapidly negates it. Con- 
comitantly, he or she may also reject the treat- 
ment, which is seen as punishment. The patient 
feels that accepting the treatment would be tanta- 
mount to an acknowledgement of the guilt. 

It should be emphasized that we are speaking 
of unconscious guilt feelings, which ordinarily 
should not be investigated or interpreted by one 
who is not trained to do so. Recognition of these 
phenomena, however, will increase the physician’s 
understanding of the problem. Reassurance with 
assuagement of guilt feelings can be helpful. For 
example, one might say, “I don’t believe you did 
anything wrong, either. The chemotherapy is not 
intended as a punishment, even though you may 
perceive it that way. The medications are designed 
to help you with your leukemia.” 


Attention to Concomitant Problems The physi- 
cian may be alert to patients’ emotional responses 
to the physical illness itself but be less aware of 
the problems that patients are facing elsewhere 
in their lives. Depending on their situations, pa- 
tients may feel beseiged by outside problems that 
exacerbate their reactions to the illness. The fol- 
lowing three clinical vignettes illustrate how family 
problems stirred anxiety in patients and threatened 
to disrupt their treatment: 


A young married woman who had been admitted 
to the hospital with the diagnosis of acute leukemia 
became increasingly agitated and suspicious. She ap- 
peared to be perplexed at the blue spots on her arms 
and legs, which were ecchymoses secondary to thrombo- 
cytopenia. She pulled out her intravenous line and ar- 
gued with the nurses about her treatment. On consulta- 
tion, she revealed overwhelming anxiety not only about 
herself but also about her three young children, whom 
she felt she was neglecting by being in the hospital. 


Another married woman, who was suffering from 
a cerebral metastasis from adenocarcinoma of the breast, 
had never liberated herself from the influence of her 
original family. Every significant decision in her adult 
life had resulted in a conflict between her parents and 
her husband. Now, when decisions had to be made about 
her treatment, those old conflicts were once again mani- 
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fested. The parents and husband vied for control of 
the patient, who was meantime becoming more helpless 
and anxious because of the rekindling of conflicts and 
the deterioration of her mental functions secondary to 
the metastatic brain tumor. 


A young single man was admitted to the hospital 
because of a tumor of the testis, which was found to 
be a malignant seminoma. After his parents had been 
divorced during his adolescence, he had lived with his 
father and grandparents and had almost completely iso- 
lated himself from his domineering, critical mother, 
whom he could not tolerate. In the crisis situation of 
the surgery and subsequent chemotherapy, his mother 
presented herself in an intrusive manner that revived 
the patient’s early feelings of inadequacy, rage, and anxi- 
ety to an almost unbearable extent. The patient had 
periods of withdrawal alternating with angry outbursts 
during which he threatened to leave the hospital. 


In all three of these cases, a psychiatrist was 
called in consultation. He met with both the pri- 
mary patient and his or her family to clarify the 
emotional issues of the patient, the family interac- 
tions, and their effects on the treatment. In each 
situation, sufficient calm and stability were secured 
to enable the therapeutic measures to proceed 
without significant interruption. The alertness of 
the primary physician to the emotional and family 
complications was necessary to identify the prob- 
lems and initiate psychosocial intervention. 


Relapse 


When a relapse occurs, it is often more traumatic 
psychologically than the original occurrence of the 
illness. With the original episode, most patients 
mobilize their physical and psychological re- 
sources to fight ‘‘the enemy”—cancer. As they wit- 
ness their symptoms subsiding and enjoy a re- 
newed sense of well-being, their morale is lifted. 
Then, if symptoms recur, they may experience in- 
creased anxiety, depression, and even despair.1%79 
Confidence in the doctors and their treatment 
methods may wane. Trust may give way to dis- 
trust, suspicion, irritability, and outright anger. 
Some individuals leave their physicians, reject the 
usually accepted modalities of treatment, and seek 
relief from laetrile or other unproven methods, 
often with dire results. 

The guidelines for dealing with the emotional 
consequences of relapse have to be broad and flexi- 
ble. The situation calls on the psychological re- 
sources of physicians to remain calm, patient, and 
compassionate. In general, an attitude of realism 
coupled with optimism is recommended. Physi- 
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cians should first allow patients to express their 
ideas and feelings about the recurrence of their 
disease and then gauge their approach accordingly. 
Some patients may require mainly support and 
generalized reassurance that help can and will be 
provided. Others may need the outline of a definite 
plan or the choice of plans available to meet the 
new contingencies. Some patients and their fami- 
lies place the emphasis on doing all that is possible, 
“leaving no stone unturned.” Then, consultation 
with another oncologist may bolster confidence 
in the primary physician and the medical system. 
Others may prefer that a minimum be done, osten- 
sibly because the patient “has suffered enough.” 
That attitude may be indicative of underlying con- 
flict and possibly depression, which may require 
psychiatric consultation. 

It is important to bear in mind that, even in 
the face of recurrence and the threat of death, 
many patients do reach a state of equanimity. 
Through various defense mechanisms and coping 
mechanisms, they go through a process of “‘mitiga- 
tion and accommodation”;®* that is, they adapt 
to a state of chronic illness, disability, and uncer- 
tainty about the future. 


Terminal Phase 


When a patient is thought to be in the terminal 
phase, is often a matter of definition. At one ex- 
treme, some people regard themselves as “dying” 
from the moment that they learn of the diagnosis 
of leukemia or lymphoma. At the other extreme, 
there are individuals who, despite an unmitigated 
decline in their physical condition, maintain the 
hope that their health will be restored. The labeling 
of someone as “terminal” is sometimes made by 
the physician rather than the patient. Such a desig- 
nation should be made with caution, since it may 
prompt caregivers to withdraw from the patient, 
unless they have been specially trained to cope 
with their reactions to the dying patient. 
Physicians who regard themselves principally 
as curers of illness may find themselves feeling 
defeated and helpless as a patient approaches 
death. They may then declare to the patient, 
“There is nothing more that I can do for you.” 
That response does not take into account the im- 
portant sustaining functions that the physician can 
provide until the moment the patient expires. Re- 
lief of pain and other distressing symptoms reduces 
the patient’s suffering. Beyond the relief of symp- 


16. Psychological Care of Patients with Cancer 


toms, the maintenance of the patient’s emotional 
bond with the physician preserves the feeling of 
being cared for and protected. Even patients who 
may no longer have hope of survival should not 
be deprived of the hope of safety and security for 
the remainder of their lives.*5 

The field of death and dying has been the sub- 
ject of an outpouring of books and articles as well 
as the province of a special journal, Omega. Kii- 
bler-Ross was prominent in bringing this topic, 
previously shunned, into the open for discussion 
and increased understanding.4® She divided the 
psychological reactions to dying into five stages: 
denial, anger, bargaining, depression, and accep- 
tance. The delineation of those stages is useful 
insofar as it helps to identify the patient’s predomi- 
nant mental set. Many patients, however, experi- 
ence a combination of emotional reactions at a 
given time, and most do not go through them in 
a predictable order. Some never reach the stage 
of acceptance. 

There is, furthermore, a pitfall in this type of 
categorization in that it may lead one to overlook 
the complexities and finer points of the patient’s 
emotional state. For example, if the patient is de- 
pressed, what are the components of the depres- 
sion? What is the meaning of debility to this indi- 
vidual? Is there a disruption in communication 
between the patient and the rest of his or her fam- 
ily? How does the patient regard the remainder 
of his or her life? What is this person’s conception 
of death? What are his or her specific fears? 

In the last few weeks or days of life, some pa- 
tients sink into a “terminal delirium,” in which 
their perceptions are clouded or distorted. Some 
physicians regard the terminal delirium as a “‘bless- 
ing,” since these patients are then supposedly un- 
aware of what is going on around them and of 
the fact that they are dying. With this attitude, 
the physicians may pot seek to lighten the delirium 
by correcting metabolic disturbances or may even 
increase it by prescribing heavy doses of narcotics 
or sedatives. 

Management again has to be individualized. 
Perhaps for some individuals it is best to go to 
the grave in an unknowing state. However, unless 
patients are severely obtunded or comatose, they 
are partially aware of the events surrounding them. 
For example, a delirious middle-aged man dying 
from cancer of the lung, asked repeatedly, “When 
are they going to take away the body?” Although 
quite disoriented and psychotic, he was still pain- 
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fully aware that he was dying. Furthermore, with 
the sensorium clouded, patients may misinterpret 
the actions of those around them or suffer from 
frightening nightmares or hallucinations. In such 
instances, a reduction of narcotic or sedative drugs 
may actually make the patients more comfortable. 

In this connection, it is worth noting that some 
patients who are aware that they are dying have 
a strong wish to say goodbye to their loved ones.58 
If physicians deal realistically with patients and 
do not sedate them unnecessarily, the dying may 
indeed bid farewell to their family and close 
friends. Parting in this manner may permit patients 
to die in a peaceful, accepting manner and may 
also diminish the later suffering of relatives and 
friends. Physicians cannot stage such a farewell, 
but they can sometimes help provide the condi- 
tions that make it possible. 


The “Cured” Patients 


A survey of the literature reveals that relatively 
little has been written about the psychological sta- 
tus of patients who have been “cured” or attained 
long-term remission from cancer. Nonetheless, 
some general statements can be made about the 
susceptibility of “cured”’ patients to psychological 
dysfunction.” The most prevalent symptom is 
anxiety about the recurrence of illness. Most pa- 
tients deal with this anxiety by denial—“It can’t 
happen to me again.” The anxiety, however, may 
break through in overconcern about lumps or mi- 
nor symptoms in the patients themselves, their 
children, or other relatives. Sometimes the reaction 
to illness is manifested in chronic depression, with- 
drawal, and a lowered level of aspiration. 

As a result of severe disease, there is a change 
in the patient’s self-image, defined as “the image 
which an individual has of himself at a particular 
time in a specific situation.”5° Along with a change 
in self-image, there is often a fall in self-esteem, 
the regard one has for oneself as a person. One 
may then attribute to other persons certain feelings 
of dislike or disrespect that one feels toward one- 
self. (See the clinical example on page 307.) This 
chain of events frequently leads to disturbances 
in marital and other relationships. Often these dif- 
ficulties are denied, rationalized, or minimized by 
patients; and physicians may be unaware of them 
unless they specifically inquire. 

The foregoing problems are vividly exemplified 
by recent studies of patients who have been suc- 
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cessfully treated for Hodgkin’s 
chemotherapy.1*1982 


disease by 


One such patient, a 32-year-old woman, reported 
to the investigators, who had inquired as to the state 
of her libido, or sexual drive, “I told the doctor two 
years ago that I had no sexual feeling and that I was 
worried and could he explain it or do anything about 
it, and he said, ‘Well! You're alive aren’t you?’.”2! 


The investigators, Chapman, Sutcliffe, and Mal- 
pas, began to study systematically the effects of 
chemotherapy on patients with Hodgkin’s disease. 
They found that ovarian function had failed or 
was failing in 83% of the women. Concomitantly, 
these women underwent heightened symptoms of 
the menopause: hot flushes, irritability, insomnia, 
dryness of the vagina, and painful intercourse. 
They had a “poor self-image” and were depressed. 
They reported either complete absence or marked 
diminution of sexual desire. In the younger women 
especially, these symptoms and the lack of sexual 
interest led to marital discord of major propor- 
tions. In 30% of the couples studied, the stresses 
led to separation or divorce. 

The patients were usually unaware of the con- 
nection between their previous chemotherapy 
(mechlorethamine hydrochloride, vinblastine sul- 
fate, procarbazine hydrochloride, and predniso- 
lone) and their lack of sexual desire and other 
symptoms. Their former physicians had either not 
inquired about or ignored the patients’ complaints. 
Ultimately, when the investigators realized the na- 
ture of the phenomena, they were able to take 
corrective measures—the use of hormones and 
counseling—which often produced prompt and 
gratifying relief. 

The male patients whom they studied also man- 
ifested decreased libido, infertility, and irritability. 
In addition, the men showed an increased propen- 
sity to physical violence.!9 

Specific psychological problems are found also 
in other groups of patients who, although cured 
of cancer, are left with significant physical defects. 
Important examples are patients who have under- 
gone mastectomy,*?:8? amputation of a limb,®* or 
abdominoperineal resection with provision of a 
colostomy.?2228 

The plight of long-term survivors of cancer oc- 
curring in childhood has been extensively investi- 
gated by Koocher and O’Malley, who have re- 
ported their findings in a book aptly entitled The 
Damocles Syndrome.*’ The survivors’ major prob- 
lems center around uncertainty.*6 They are faced 
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with uncertainty, and concomitant fear or anxiety, 
about many issues: fear of death, fear of recurrence 
of the original cancer or appearance of a second 
tumor, and fear of other long-term effects of treat- 
ment. They have worries about being sterile and 
questions as to whether they should marry and, 
if possible, have children. They are apprehensive 
that their offspring may have cancer or congenital 
defects. They are concerned about not being able 
to obtain jobs and insurance because of discrimina- 
tion toward people with a history of cancer. 

Their worries about the occurrence of second 
tumors have some basis in fact. Of 142 patients, 
10 developed second primary malignancies and 
7 developed benign tumors.®? Concern about off- 
spring is a more complicated issue. The question 
of heredity has to be explored on an individual 
basis, taking into account the particular type of 
cancer and the family history. As to the effect 
of the treatment of patients on their future chil- 
dren, one study, although small, is reassuring. It 
shows no increase in congenital defects in the pro- 
geny of individuals who were treated for cancer 
during their own childhood.*? 

Many of the patients who are now adults have 
married, had children, gained fruitful employment, 
and reached a level of emotional maturity. Others, 
however, present psychological symptoms and 
problems in adjustment. In the series of Koocher 
and O’Malley,*” 53% of the. survivors are consid- 
ered well adjusted and have no evidence of symp- 
toms, 25.6% have mild symptoms but are func- 
tioning adequately, and the remaining 21.4% have 
moderate to severe symptoms. Unfortunately, no 
control group of physically healthy people could 
be provided. Comparison, however, with a small 
number of survivors of chronic but not life-threat- 
ening diseases showed that the patients who had 
had cancer manifested a larger incidence of psy- 
chological symptoms and problems in adjustment 
than the patients with the other diseases. Within 
the cancer group, those who had had acute lym- 
phocytic leukemia or Hodgkin’s disease in child- 
hood showed the highest probability of later devel- 
oping problems in adjustment. 

In brief, these researches indicate that patients 
who have survived cancer have an increased pro- 
pensity for psychological symptoms and problems 
in their daily lives. The knowledgeable clinician 
will evaluate psychosocial adjustment during fol- 
low-up visits and provide therapeutic intervention 
where needed. 
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Specific Psychiatric Syndromes 


Patients with cancer are subject to all of the large 
number of psychiatric disorders, but the conditions 
most commonly encountered are the depressive 
disorders, the anxiety disorders, and the organic 
brain syndromes. The recognition, diagnosis, and 
appropriate treatment of these entities contribute 
a vital element to the comprehensive care of pa- 
tients. 


Depressive Disorders 


Diagnosis 

Many patients experience reactions of depression 
or grief as they are confronted with life-threatening 
illnesses and arduous treatment regimens. Grada- 
tions in severity are extensive, ranging from mild, 
transient episodes of feeling “down” or “blue” to 
major depressive episodes. While there are no ab- 
solute distinctions between “normal” and “abnor- 
mal”’ reactions, certain criteria do help to differen- 
tiate the less serious from the more pathological 
conditions. In grief about a loss and in relatively 
mild depression, patients do not suffer an inappro- 
priate lowering of self-esteem; in a serious depres- 
sion, they may regard themselves as worthless and 
unworthy of the respect or love of others.84 In 
grief and mild depression, feelings of guilt are ab- 
sent or minimal; in severe depression, guilt feelings 
are often prominent. Severely depressed people 
with a physical illness may blame themselves irra- 
tionally for having caused the illness. In some in- 
stances, they may attribute that blame to others, 
angrily accusing them in a paranoid manner. 

In the full-blown major depressive disorder, pa- 
tients suffer from a constellation of symptoms, 
both somatic and psychological.3!-44 The classic 
somatic symptoms are anorexia, weight loss, con- 
stipation, decrease in sexual activity, and insomnia 
with early-morning awakening. The psychological 
symptoms are loss of interest and pleasure in work, 
recreation, and other usual activities; loss of self- 
esteem with self-depreciatory tendencies; irrational 
feelings of guilt; feelings of helplessness and hope- 
lessness; and suicidal ideas, wishes, or actions. 
Many depressed patients exhibit psychomotor re- 
tardation or agitation. Some of the most severely 
depressed suffer from somatic delusions and delu- 
sions of guilt, poverty, and persecution. 

In patients with cancer, the diagnosis of depres- 
sion is complicated by the overlapping of the so- 
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matic symptoms of classic depression with the 
symptoms produced by the cancer itself or the 
treatment modality.6* Then one must rely more 
heavily on the nonsomatic, or psychological, 
symptoms. 

Depression is a symptom occuring in a number 
of different syndromes. To be understood properly, 
therefore, it must be subject to a differential diag- 
nosis. That process involves a clinical assessment 
as to whether the patient’s condition falls into the 
category of a major depressive episode, a lesser 
depressive syndrome, a grief reaction, or organic 
syndrome. In addition, the process of differential 
diagnosis requires seeking out the etiologic factors, 
both physical and psychological.31* 

A number of physical conditions are associated 
with depression. Sometimes structural changes in 
the central nervous system, such as those due to 
primary or metastatic brain tumor or carcinoma- 
tous meningitis, are initially manifested clinically 
by depression. Metabolic and electrolyte distur- 
bances are also connected with depression. Renal 
failure, hepatic failure, hyperthyroidism, hypothy- 
roidism, Cushing’s syndrome, and hypoadrenocor- 
ticism are other etiologic conditions. Overuse of 
narcotics, barbiturates, benzodiazepines, and other 
drugs may lead to or potentiate depressive tenden- 
cies. Notably, the use of steroids, reserpine, and 
methyldopa is frequently associated with depres- 
sion. 

Sometimes what is mistakenly taken for a func- 
tional or reactive depression is actually an organic 
brain syndrome. Patients who are “confused,” 
disoriented, and having difficulty in ordering their 
thoughts and memories may indeed appear de- 
pressed or actually suffer from depression, but the 
most significant causal factor or factors are the 
metabolic or structural derangements. Hence, they 
must be considered in the differential diagnosis. 

Alongside the search for physical causes, one 
should investigate the psychological factors. One 
should avoid the dichotomy of ascribing the de- 
pression exclusively to either organic or psycholog- 
ical elements. Most often, a multiplicity of factors 
has to be considered and integrated. 

The psychological factors involved in depres- 
sion may be subsumed under two main categories. 
The first category includes experiences of loss, 
threatened loss, and phantasied loss. To the patient 
with cancer, such losses include the loss of health 
in a general sense, the loss of particular functions, 
and, most significantly, the loss of life itself. En- 
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tailed in those losses are the threatened separations 
from loved ones, death being the ultimate separa- 
tion. For someone in the early stages of disease, 
the losses may involve one’s job, one’s accustomed 
position in the family as breadwinner or home- 
maker, and one’s financial security. 

The other main category of factors involves the 
threat to the individual’s sense of himself or herself 
as a person—that is, his or her self-evaluation or 
self-esteem. The concept of the self is intimately 
connected with the concept of the body. Hence, 
if the individual’s body is weakening and its func- 
tions are failing or threatening to fail, he or she 
may feel less of a person and suffer from feelings 
of shame or worthlessness. 

In examining why a person is depressed, one 
should avoid superficial generalizations, such as 
“It’s understandable that the patient is depressed, 
considering his condition” or “After all she’s been 
through, she’s entitled to be depressed.”’** Such 
generalizations obscure many issues. Not everyone 
with cancer, even with a devastating course, be- 
comes depressed.51:66-79 One has to look beyond 
the severity of the physical manifestations of the 
cancer to understand the reasons that an individual 
has become depressed; that is, feelings of guilt and 
shame, fears of sustaining losses, and many other 
intrapsychic, somatic, and environmental forces 
are often at work. 

The comment that a particular patient is “enti- 
tled to be depressed” may imply a judgmental 
standard that some other patients, such as those 
without grossly apparent physical suffering, are 
not entitled to be depressed. However, one should 
look as objectively at depression as any other ail- 
ment and refrain from value judgments. 

Furthermore, in attempting to appraise whether 
a patient is “entitled” or “has a right” to be de- 
pressed, physicians may be attributing to the pa- 
tient ideas and feelings that originate in them- 
selves. For example, they might think, “If I were 
in his place, I certainly would be depressed.” The 
pitfall in that attitude, seemingly empathic, is that 
it may impede physicians from pursuing with the 
patient the specific factors responsible for that par- 
ticular person’s depression. 


Treatment 

As indicated by the previous discussion, the first 
step is to determine the causes of the depression. 
Any physical abnormalities that are interfering 
with cerebral function and contributing to depres- 
sion should be corrected when possible. Further- 
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more, it is advantageous that the physician have 
empathy with the patient and be attentive to the 
various personal, family, and social factors that 
are influencing his or her mood. Often if the patient 
can express openly to the physician his or her 
concerns, that in itself will have a salubrious effect. 
Clarification in simple terms may help the patient 
cope better with the situation. A realistically hope- 
ful attitude on the part of the physician and other 
caregivers is also beneficial. 

When correctable physical factors have been 
removed and simple psychological measures have 
been provided yet the patient remains depressed, 
tricyclic antidepressant drugs (imipramine, ami- 
triptyline, etc.) often provide symptomatic relief. 
Since their pharmacology is well reviewed in many 
books,‘*75 only a few significant aspects are em- 
phasized here. Patients with severe cardiac disease, 
especially with conduction defects, pose a special 
risk with these drugs.‘ In elderly patients, the 
usual dosage should be reduced to one-half or one- 
third. Hypotensive episodes, secondary to ortho- 
static mechanisms, may result in falls with serious 
injuries and cardiovascular complications.”° 

Patients with severe depression, especially those 
with suicidal preoccupation and psychotic idea- 
tion, should be referred to a psychiatrist. 


Anxiety Disorders 


Diagnosis 

The state of anxiety is characterized by a subjective 
feeling of apprehension, varying in intensity from 
mild discomfort to overwhelming dread or panic. 
In some patients, the syndrome is confined to feel- 
ings of psychological distress but, more frequently, 
those feelings are accompanied by physical symp- 
toms of a wide variety. The most common symp- 
toms are palpitations, difficulty in breathing (some- 
times associated with hyperventilation), excessive 
sweating, tremor, dryness of the mouth, and dizzi- 
ness. Almost every system of the body can be af- 
fected because of the discharge of the sympathetic 
and parasympathetic divisions of the autonomic 
nervous system. Some patients are aware only of 
the physical manifestations and do not connect 
them with the anxiety state, although they may 
be anxious secondarily about the physical symp- 
toms (e.g., be frightened that palpitations presage 
a heart attack). The anxiety may be reflected in 
a pervasive state of uneasiness and worrisomeness 
or may occur in discrete attacks (panic disorder). 
Sometimes they are confined to specific situations, 
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such as closed-in spaces or heights (phobic disor- 
der). 

As with the depressive syndromes, the differen- 
tial diagnosis is of importance. Physical illness, 
such as hyperthyroidism and pheochromocytoma, 
may produce symptoms similar to those seen in 
patients suffering from psychogenic anxiety at- 
tacks. 

Anxiety states can mask or be confused with 
other psychiatric conditions. Some individuals 
who complain of severe anxiety and exhibit agita- 
tion (e.g., pacing the floor, picking at clothes, and 
wringing their hands) are suffering from a major 
depression. They may not complain of feeling de- 
pressed and may even deny it upon inquiry, but 
on further investigation they reveal the history of 
a serious depressive episode. Some patients with 
severe anxiety are undergoing a major disorganiza- 
tion of personality with incipient psychosis, such 
as schizophrenia. Other patients with severe anxi- 
ety are exhibiting a paradoxical reaction to barbi- 
turates or other drugs, or withdrawal from seda- 
tives, tranquilizers or alcohol. Sometimes anxiety 
is one of the first symptoms of delirium. 

The underlying psychological factors must also 
be sought out. In patients with cancer, the occur- 
rence of anxiety symptoms is frequently related 
to a stressful event connected with the illness, such 
as hearing the initial diagnosis or learning that 
they must undergo an operation. The time of re- 
currence of illness is particularly stressful for many 
individuals and frequently leads to a resurgence 
of anxiety.79 

It should be remembered, however, that most 
persons with anxiety disorders do not suffer from 
cancer or other physical illness. Psychological 
study reveals that they often have unconscious 
fears, such as losing loved ones or losing the ap- 
proval of loved ones. The fear of physical harm 
or mutilation also plays a large part in anxiety 
disorders and related conditions. These fears of 
loss and bodily injury, often stemming from child- 
hood events or phantasies, are reactivated when 
the individual is confronted with real dangers, such 
as those presented by cancer. In short, although 
they have a basis in present reality, they also have 
a source in childhood conflicts. 


Treatment 

For practicing oncologists, the current, realistic 
factors should be the focus of attention. By educa- 
tion, reassurance, and continued support, they 
may help to reduce patients’ feelings of apprehen- 
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sion and dread. Often misconceptions and misun- 
derstandings about the nature of their disease 
increase the patients’ anxiety, which can be allevi- 
ated by appropriate explanation. To be helpful, 
reassurance should not be supplied too readily or 
glibly. First, one should attempt to ferret out just 
what the specific fears of the patient are. 

A number of medications are of value in dealing 
with states of anxiety and insomnia. The principal 
ones are the so-called minor tranquilizers, espe- 
cially the benzodiazepines (e.g., chlordiazepoxide, 
diazepam, and flurazepam). Since the blood level 
of the longer acting compounds tends to build up 
in time, some patients taking these drugs develop 
a delirium. Hence, it is often preferable to prescribe 
a shorter acting compound, such as lorazepam or 
oxazepam. 

In patients with more severe states of anxiety, 
where disorganization or psychosis is threatened, 
one may use a major tranquilizer, either haloperi- 
dol or a phenothiazine (e.g., chlorpromazine or 
thioridazine). In such instances, psychiatric con- 
sultation is advisable. 


Organic Brain Syndromes 


Recent study of the organic brain syndromes has 
resulted in clarification of the underlying concepts 
and major changes in classification.*® A previous 
classification? divided these nosologic entities into 
acute and chronic brain syndromes on the basis 
of rapidity of onset, duration, and prognosis, the 
acute syndromes being considered reversible and 
the chronic syndromes irreversible. The current 
classification? does away with the distinction be- 
tween acute and chronic organic brain syndromes, 
recognizing that prognostic criteria should not be 
combined with diagnostic criteria and that, fur- 
thermore, some of the chronic conditions (for ex- 
ample, those due to neoplasm or neurosyphilis) 
are at least partially reversible. Another previous 
distinction in classification—between psychotic 
and nonpsychotic organic states*’—has also been 
eliminated in the new classification* as impractica- 
ble. In addition, the concept of one basic “organic 
mental syndrome” has yielded to a more detailed, 
precise differentiation. 

Nine distinct, although sometimes overlapping, 
types of organic brain syndrome have been 
delineated.* They are delirium, dementia, amnestic 
syndrome, organic hallucinosis, organic delusional 
syndrome, organic affective syndrome, organic 
personality syndrome, intoxication, and with- 
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drawal. In previous conceptualizations, cognitive 
impairment was regarded as the sine qua non of 
the organic brain syndrome. Disturbances in intel- 
lectual function are still considered the hallmark 
of some of these syndromes, especially delirium 
and dementia; but the new classification recognizes 
that impairments in cerebral function may produce 
disturbances in the areas of mood, perception, 
ideation, and personality without aberrations in 
cognitive functions. 

Of the nine organic brain syndromes, the two 
that are most commonly encountered in medical 
practice are delirum and dementia. Both syn- 
dromes are characterized by global alteration in 
the various cognitive, or intellectual, functions®® 
but are also often associated with disturbances in 
mood. 


Diagnosis of Delirium 

From the clinical standpoint, the essential feature 
of delirium is clouding of consciousness, character- 
ized by impairment of thinking, perceiving, and 
remembering.*> The patient has difficulty in at- 
tending to the environment and correctly perceiv- 
ing objects and events. The more frank distortions 
are manifested by hallucinations, most commonly 
in the visual sphere, and delusions. Signs of dis- 
orientation to time, place, situation, and person 
appear in approximately that order, depending on 
the severity of the condition. Disturbances in the 
sleep-wakefulness cycle are frequent, ranging from 
hypervigilance and insomnia to drowziness, stu- 
por, and eventually coma. Associated disturbances 
in mood and mentation are common, the most 
frequent being irritability, anxiety, depression, and 
paranoid ideation. 

One of the most fundamental features of delir- 
ium is the fluctuating level of awareness.7655 This 
variability is evident not only in the diurnal cycle, 
with typical exacerbation at night, but also from 
hour to hour and even from moment to moment, 
as exemplified by a patient’s suddenly losing the 
train of thought. The fluctuation in level of aware- 
ness can be elicited by a simple bedside test—serial 
sevens. The examiner asks the patient to subtract 
7 sequentially from 100 (that is, 100, 93, 86, 
79 ....). In mild or moderate delirium, the 
patient alternates periods of easy, correct calcula- 
tion with periods of making errors despite height- 
ened effort. The electroencephalogram is a valuable 
tool in the differentiation of delirium from other 
conditions. 2655.67 
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Delirium is caused by a vast number of factors 
that alter cerebral metabolism and neuronal func- 
tioning. Failure of any of the major organ sys- 
tems—trenal, hepatic, cardiac, or respiratory—tre- 
sults in alterations in brain function. Other 
systemic conditions are also frequent causes of de- 
lirium: anemia, infection, fever, dehydration, aci- 
dosis, alkalosis, and deviations in osmolarity. En- 
docrine and metabolic disturbances can also 
produce profound effects. Abnormalities in elec- 
trolyte levels are often involved in delirium. Hy- 
percalcemia is a frequent cause in patients with 
certain types of cancer.®6 

Any drug can lead to delirium. The medications 
most commonly implicated are the opiates, the 
barbiturates, and the benzodiazepines. In onco- 
logic practice, the steroid compounds, such as 
prednisone and dexamethasone, are frequently uti- 
lized and have a large incidence of mental compli- 
cations. When the daily dose is 40 mg or more 
of prednisone (or the equivalent of other steroid 
compounds), the incidence of organic brain syn- 
dromes is notably higher than when the dose is 
below that level.1136 The steroids produce a variety 
of syndromes—not only the cognitive changes 
characteristic of delirium but also depression, 
maniclike episodes, and paranoid states.3654 

Other drugs used in the treatment of neoplastic 
disease are difficult to evaluate in terms of their 
effects on mental function. Often several che- 
motherapeutic agents are used in combination, 
posing problems in singling out those producing 
delirium. Moreover, alterations in mental state re- 
sulting from the disease process and complications, 
such as infection and anemia, are difficult to differ- 
entiate from the effects of drugs. There is, however, 
convincing evidence of the profound influence of 
L-asparaginase* and methotrexate,’ the latter ad- 
ministered intravenously or intrathecally, espe- 
cially when combined with radiotherapy. 


Diagnosis of Dementia 

In dementia, the key feature is the progressive 
impairment of memory and other cognitive 
functions.5* The onset is usually more gradual than 
in delirium, and the clinical picture generally does 
not show the marked fluctuations characteristic 
of delirium. Besides deterioration in memory, 
other significant features include disturbances in 
orientation, judgment, and the ability to carry on 
the usual tasks of everyday life. In some instances, 
depression, manic phenomena, paranoid ideation, 
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and the loss of social inhibition or control are 
noted. 

The most common causes of dementia in pa- 
tients of the older age group are degenerative 
changes of the Alzheimer type and multiple cere- 
bral infarcts secondary to vascular disease. Partic- 
ularly significant to oncologists, however, are some 
other causes of structural brain damage: primary 
brain tumors, metastatic brain tumors, leukemic 
and lymphomatous lesions of the brain, and carci- 
nomatous meningitis. Those conditions often are 
first manifested by mental symptoms, prior to the 
appearance of other neurological signs or symp- 
toms. 

The syndrome of pseudodementia sometimes 
presents a problem in differential diagnosis. In this 
condition, patients complain of loss of memory 
and give the initial impression of being demented. 
With more careful history taking and examination, 
however, they are found to be suffering from a 
severe depression with concomitant difficulty in 
concentration. Treatment of the depression usually 
results in clearing of the cognitive disturbances. 


Treatment of Delirium and Dementia 

The most important general principle of manage- 
ment of the organic brain disorders is to discover 
the underlying etiologic agent or agents. Although 
a distinction is made between dementia and delir- 
ium, the two syndromes often occur together. It 
is not unusual for a patient with dementia to have 
a superimposed delirium, secondary to physical 
illness or drugs. In delirium, furthermore, several 
interacting causative factors, rather than a single 
agent, are commonly involved. 

In the treatment of both delirium and dementia, 
the primary emphasis is on removing or alleviating 
the causative structural or functional conditions 
whenever possible. Abnormalities in electrolyte 
balance and metabolism should be corrected. A 
thorough review of the patient’s medications is 
advisable. When feasible, drugs should be discon- 
tinued or the dosage reduced. 

In addition, supportive measures are indicated. 
The bewildered, anxious patient often benefits 
from the care of a constant companion who can 
provide safety and reassurance and help the patient 
correct distortions of reality. Keeping the lights 
on in the patient’s room at night helps to reduce 
the possibility of misperceiving shadows as omi- 
nous objects. Sedatives or tranquilizers are gener- 
ally not necessary or advisable. If, however, anxi- 
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ety or agitation cannot be controlled by supportive 
measures, haloperidol or a phenothiazine may be 
used as a temporary expedient. 


Special Treatment Issues 


Transference 


Through experience with innumerable patients, 
the physician may be struck with this phenome- 
non: even though his or her own behavior is rela- 
tively uniform, patients react to him or her in ex- 
traordinarily diverse manners. Some patients, for 
example, are immediately trusting and accepting, 
whereas others are suspicious and questioning. 
Some are dependent and willing to leave all major 
decisions to the doctor, while others militantly 
strive for independence and insist on making the 
important choices. Some are warm and engaging, 
but others remain cool and aloof. 

In part, these types of behavior represent the 
patients’ character or personality—enduring pat- 
terns of thinking, feeling, acting, and forming rela- 
tionships. The patients may enter into a relation- 
ship with their physician in much the same manner 
as they approach most of the other persons in 
their life. 

In addition, these characteristic reactions are 
often carry-overs from childhood; that is, the pat- 
terns of feeling, thinking, imagining, and acting 
that the person originally experienced in child- 
hood, especially toward parents, are displaced to 
various figures in adult life. This phenomenon, re- 
ferred to as transference, was originally elucidated 
by Freud in his psychoanalysis of neurotic 
patients.28 The analysis of transference attitudes, 
feelings, phantasies, and behavior remains the cor- 
nerstone of psychoanalysis and analytically ori- 
ented psychotherapy. Its significance, however, ex- 
tends far beyond the psychiatrist’s office. All 
people, normal as well as neurotic, exhibit transfer- 
ence reactions. Furthermore, patients show these 
reactions to all physicians, not only to psy- 
chiatrists.13 (See the clinical example in the sec- 
tion on Transference Phenomena, page 323.) As 
indicated, the type of reaction is highly varied. 
It is a misconception to believe that transference 
refers only to sexual feelings. Many other emo- 
tions, such as anger, resentment, jealousy, admira- 
tion, and denigration, may also stem from early 
experiences with parents or phantasies about them. 


320 


For example, consider a patient who is frus- 
trated and angry. He may, of course, have seem- 
ingly valid reasons for his feelings. The treatment 
may not be producing the desired results, or the 
physician may have been inadvertently impatient 
and brusque. However, the realistic reasons may 
not appear sufficient to explain the magnitude of 
the patient’s reactions. Moreover, sometimes one 
is hard put to find any plausible explanation for 
a patient’s hostile reaction when the physician has 
been attentive and the results of treatment have 
been favorable. One may then find the basic rea- 
sons not so much in the current situation as in 
carry-overs from the past. 

There are two main corollaries to these ideas 
about transference: The first is that physicians can 
understand not to take their patients’ reactions 
personally. They can recognize that they may be 
the recipients of attitudes and behaviors derived 
from the patients’ past. The second corollary is 
that, feeling more comfortable about patients’ re- 
actions to them, physicians can learn to respond 
to patients more objectively and effectively. 

In addition to those two corollaries, there are 
two caveats concerning transference. The first is 
that, just because physicians can recognize certain 
patterns of childlike behavior in patients and iden- 
tify their sources, they are not exempted from re- 
flecting upon their own behavior, which may actu- 
ally be eliciting certain types of responses. At one 
extreme are physicians whose patients nearly al- 
ways admire and extol them. At the other extreme 
are physicians whose patients almost uniformly 
express discontent and resentment. In both in- 
stances, the physicians should examine their cus- 
tomary attitudes and practices. 

The other caveat pertains to the interpretation 
of the patient’s transference reactions. Interpreta- 
tion should be reserved for the psychiatrist or other 
trained psychotherapist. Nonpsychiatric physi- 
cians may utilize their understanding to maintain 
their perspective and to deal more discerningly 
with patients but should refrain from making inter- 
pretations. 

Bearing the aforementioned concepts and 
guidelines in mind, one may describe some signifi- 
cant ramifications of the transference. One of these 
ramifications is displacement; that is, the patient 
expresses feelings that he or she has for the physi- 
cian toward someone else, often another member 
of the health care team. For example, on entering 
the physician’s office, a patient may remark, “The 
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nurse was so busy that I didn’t think she could 
pick me out from all the other patients in the 
waiting room.” He may thereby indicate that he 
feels that the physician is not sufficiently interested 
in him as an individual. The physician could tact- 
fully inquire further into the patient’s reactions 
to both the nurse and himself and help allay his 
feeling of being neglected. 

Another important complication of the trans- 
ference is splitting. In this phenomenon, some of 
the patient’s feelings are transferred to one member 
of the health care team while other feelings are 
shifted to one or more different members. For ex- 
ample, a patient berates one physician as harsh 
and insensitive and praises another as kind and 
understanding. Leaving aside for the moment the 
actual differences among physicians, the patient 
may be inappropriately expressing all her resentful, 
hostile feelings toward one and all her trusting, 
affectionate feelings toward the other. She may 
fear, unconsciously, that she might lose her rela- 
tionship with important, helping persons if she 
were to express mixed feelings of anger and love 
toward both of them. The split enables her to main- 
tain the idea that at least one of her important 
relationships will be preserved. 

In such a situation, the physicians should re- 
view their attitudes and behavior to see if there 
is anything they might do to reduce the patient’s 
feelings of frustration and anger. Beyond that, it 
may be helpful for them, and especially for the 
one who is the recipient of the anger, to realize 
that the splitting of the transference is an uncon- 
scious means the patient utilizes in attempting to 
cope with a frightening situation. 


Countertransference 


The counterpart of patients’ transference to physi- 
cians is found in physicians’ countertransference 
to patients. Physicians’ attitudes, feelings, and be- 
havior sometimes reflect patterns derived from ear- 
lier situations in their own lives. Without recogni- 
tion, for example, physicians may have reactions 
to certain patients that are similar to their reac- 
tions to their own mothers, fathers, siblings, grand- 
parents, or even their own children. Such reactions 
are extremely common. They pose difficulties if 
they interfere with the physician’s objectivity and 
judgment or evoke inappropriate emotional re- 
sponses. 

Since many, if not most, of these reactions are 
unconscious, or outside awareness, they easily 
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elude recognition. There are, however, clues to 
countertransference reactions that can alert the 
attentive physician. Most obvious are such passing 
thoughts as “She acts just like my grandmother,” 
or such remarks as “If you were my father, I would 
certainly advise you to have this operation.” The 
passing thought that the patient is reminiscent of 
one’s grandmother might be lightly dismissed as 
simply denoting a resemblance in physical appear- 
ance or some idiosyncratic mannerism, but it may 
signify that the physician has emotional reactions 
to the patient similar to those he had to his grand- 
mother during his childhood. Likewise, the com- 
ment that one would give the same advice to one’s 
father, may appear to imply only that the physician 
is sincere and wholehearted in her recommenda- 
tion; but it may also mean, at another level, that 
she is unconsciously reacting to the patient as if 
he were her father. Only introspection and reflec- 
tion can determine the answers to such questions. 

Other aspects of the physician’s emotional state, 
speech, and behavior also give indications of un- 
conscious feelings and conflicts. The most helpful 
general sign is the physician’s acting (or contem- 
plating acting) in a manner that departs from his 
or her usual procedure. One example is the mini- 
mization of a symptom that would ordinarily 
arouse suspicion of a serious condition. Other illus- 
trative behaviors are: forgetting an appointment, 
not returning a patient’s repeated telephone calls, 
being oversolicitous, feeling inexplicably irritated, 
and omitting the “non repeat” instruction from 
a prescription for dangerous drugs. 


Noncompliance 


The morbidity and mortality from cancer are sig- 
nificantly increased by patients’ not following rec- 
ommendations for treatment. A substantial num- 
ber of patients show noncompliant behavior in 
regard to surgery, radiotherapy, and chemother- 
apy. It has been estimated that the rate of noncom- 
pliance for all patients on all types of medications 
over a prolonged period is about 50%. There 
are no Statistics available specifically for antineo- 
plastic agents. It should be noted, however, that 
physicians generally underestimate the degree of 
noncompliance of their patients. 

The term noncompliance has unfortunate con- 
notations. On one level, it denotes merely that 
the patient has not followed the recommendations 
or advice of the physician. At another level, how- 
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ever, it implies that the patient is like a child who 
has defied a parent. While some patients may want 
to rely totally on their physician’s word, many 
others resent an authoritarian attitude and wish 
to maintain their autonomy in the doctor-patient 
relationship. They do not wish to be regarded as 
“obeying” or “disobeying” the “doctor’s orders” 
but rather as participating actively in decisions 
that will determine their health and even their 
survival. 

In current-day practice, therefore, it would be 
preferable to replace the expressions “compliance” 
and “noncompliance” with the term working alli- 
ance, representing an idea found useful in psycho- 
analytic treatment.34 The change is more than a 
semantic one; it implies a difference in concept. 
With a working alliance, physicians examine those 
aspects of their own and patients’ attitudes that 
are conducive or deleterious to building a pro- 
ductive therapeutic relationship. In place of the 
traditional authoritarian structure, it fosters an 
atmosphere of thoughtful and active cooperation. 

Despite these objections to the term noncompli- 
ance, the author will continue to employ it because 
of its widespread use. 


Literature on Noncompliance 

Along with the increased recognition of and inter- 
est in noncompliance, the literature on this topic 
has burgeoned in the past dozen years.?7* The 
entity receiving the most consideration by re- 
searchers is hypertension. Cancer has received rel- 
atively little attention; furthermore, of those arti- 
cles concerned with cancer, the majority pertain 
to detection and prevention programs,**-7?74 rather 
than to treatment regimens.® 

A large number of studies have attempted to 
correlate noncompliance with demographic vari- 
ables, such as age, sex, race, education, and eco- 
nomic level. The results of such research reveal 
no consistent correlations with any of those 
variables.3” 

On the other hand, studies of the therapeutic 
regimen have revealed a number of significant find- 
ings, which have been well summarized by 
Blackwell. Contrary to popular belief, the fre- 
quency of dosage is not related to compliance. 
Frequency refers to the number of times per day 
that a patient is to take medication; research does 
not bear out the common idea that reducing that 
number will increase the patient’s adherence to 
the prescription. 
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However, the complexity of the regimen does 
bear a significant relationship with noncompliance. 
Complexity of the regimen is defined as the num- 
ber of drugs prescribed. When three or more differ- 
ent medications are prescribed, “compliance falls 
off sharply.’’® The factor of complexity is of partic- 
ular relevance to oncologists, since chemotherapy 
often entails the concurrent use of several antineo- 
plastic drugs as well as the intermittent use of 
antibiotics, antiemetics, and other medications. It 
is essential to ensure comprehension on the part 
of the patient through repeated oral and written 
instructions. Assiduous follow-up by inquiry and 
objective tests, where available, is also necessary. 


Psychological Factors 

One should not end one’s inquiry into noncompli- 
ance with a consideration of only the frequency 
of dosage and the complexity of the therapeutic 
regimen. Furthermore, one should refrain from 
attributing the patient’s aversion to treatment 
solely to the burdens of the proposed modality. 
Although it is true that certain operations (e.g., 
mastectomy) produce evident disfigurement and 
that certain drugs (e.g., cisplatin) evoke severe side 
effects, it is also true that only some patients refuse 
a particular treatment while others accept it and 
persevere despite the sequelae. 

One must look further, therefore, into other 
variables pertaining to compliance.1>278 Ap- 
proaching the problem from a psychological stand- 
point, one may divide the factors into two major 
categories: the factors within the patient and the 
factors external to the patient. 

Those aspects within the patient include: char- 
acter type; conscious and unconscious ideas and 
feelings about illness, treatment, and death; de- 
fense mechanisms; and transference phenomena. 
The external aspects include a large number of 
factors, most significantly the behavior of the pa- 
tient’s family and the responses of the physicians. 
The patient’s decision to start or continue treat- 
ment represents the final common pathway of all 
the complex forces originating within and outside 
the individual .%4 


The Patient’s Character Several types of charac- 
ter can be identified, but only a few of the familiar 
types are described here. For example, some people 
are very orderly, meticulous, and obstinate and 
meet a new Situation with a large number of doubts 
and questions, often repeated in different forms 
(the obsessive-compulsive character). Other indi- 
viduals ordinarily exaggerate symptoms and dis- 
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play a dramatic response to emotionally evocative 
events, such as the recommendation of an opera- 
tion (the hysterical character). Some people tend 
to regard every trying situation, such as elaborate 
diagnostic procedures, with suspicion and, carried 
further, with the misconception that they are being 
badly used or experimented upon (the paranoid 
character). 


Ideas about Illness, Treatment, and Death Most - 
people cannot view having cancer objectively. 
They harbor a host of varied ideas, notions, pre- 
conceptions, and phantasies regarding their illness 
and treatment. For example, some believe that sur- 
gery is necessarily “mutilating” and, beneath this, 
are afraid of some kind of sexual injury. Others 
think that they are being “poisoned” by drugs or 
“burned” by irradiation, each of those ideas laden 
with anxieties of being harmed rather than helped 
by the therapeutic procedures. An extreme exam- 
ple was presented by a middle-aged woman who 
was psychotic and believed that if she submitted 
to breast surgery, her system would be poisoned 
by the polluted city air. 

Some patients perceive themselves as soldiers 
waging battle against “the enemy,” cancer. In con- 
trast, others picture themselves as passive pawns, 
or victims, being plowed down by an inexorable 
fate. Some people regard illness and treatment as 
“punishment” for real or, much more frequently, 
imagined wrongful deeds or “sinful” wishes. They 
may resist treatment because they believe they 
should be punished through illness and death. Still 
other patients yearn for death because they believe 
they will be reunited with a dead loved one.” 


Defense Mechanisms In facing the real danger 
of cancer and the various ideas and phantasies 
that it evokes, patients often respond with anxiety, 
depression, and anger. In attempting to control 
those distressing emotions, they employ a large 
number of unconscious mental processes, referred 
to as defense mechanisms. From the clinical stand- 
point of the oncologist, the most prevalent and 
significant of these mechanisms is denial, which 
is the means whereby the individual “avoids be- 
coming aware of some painful aspect of reality” 
or of unpleasant feelings.5® A patient, for example, 
may observe a lump in the breast for years, be 
aware of its enlarging, and yet not seek medical 
advice until it is a massive, fungating lesion. In 
reporting the history, she may state that she had 
observed the lump but thought that it was “due 
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to a bump,” that it was “not serious,” or that it 
“would go away by itself.” 

The force of denial prevails in some people re- 
gardless of intelligence and educational level and 
despite widespread campaigns about the warning 
signs of cancer. Underlying the denial of illness 
is anxiety of large proportions, which may also 
be denied. Such denial impedes efforts at the pre- 
vention, detection, and early treatment of cancer. 

Even when a patient has consulted a physician, 
the denial may persist and present difficulties in 
compliance. Some individuals equate receiving 
treatment with being ill. Their thinking involves 
more than the obvious connection of treatment 
with side effects such as nausea, vomiting, and 
weakness; it means attaching the concept of illness 
to the treatment itself. For example, a patient with 
cancer of the ovary who was resistant to taking 
cisplatin and other drugs stated, “If I take the 
medication, that means I’m sick. If I don’t take 
the medication, that means that I’m not sick.’33 


Transference Phenomena As noted previously, 
transference reactions to the attending physician 
are of a wide variety. Often they present no evident 
problem, particularly if the transference is of a 
dependent, trustful type. On the other hand, cer- 
tain reactions may thwart the treatment and be 
life threatening.1*48 The following history illus- 
trates how a patient’s strong, defiant transference 
led to noncompliance with the therapeutic regi- 
men: 


The patient, a 21-year-old youth with acute lym- 
phatic leukemia, had been placed in remission through 
the use of chemotherapeutic agents (vincristine, predni- 
sone, L-asparaginase, and daunorubicin) and then had 
been started on maintenance chemotherapy (methotrex- 
ate, 6-mercaptopurine, vincristine, and prednisone). Af- 
ter several months of being free of symptoms, however, 
he decided on his own to discontinue the drugs. He 
subsequently developed fever of 40.6°C and other fulmi- 
nant symptoms, which necessitated his readmission to 
the hospital, where he was found to be in relapse.%4 

The patient complained that he could not discuss 
his treatment with his oncologist because that suppos- 
edly elicited what he called an “emphatic, unpleasant 
response.” He revealed that not only had he discontin- 
ued the maintenance chemotherapy unilaterally but also 
had surreptitiously omitted doses of the antileukemia 
drugs previously, during his first admission to the hospi- 
tal. He often disappeared from the floor without notify- 
ing the nurses, so that he was not present when the 
oncologist made his rounds. When he did see the oncolo- 
gist, he was frequently contentious and provocative. In 
short, it was felt that he had a defiant attitude toward 
the oncologist and that he acted out his rebelliousness 
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by taking decisions about chemotherapy into his own 
hands. 

Knowledge of the patient’s earlier history is helpful 
in understanding his more recent attitudes and behavior. 
The patient described his father as the dominant figure 
in the family. A successful, hard-working dentist of 
southern Protestant background, he reportedly exerted 
pressure on the patient to follow rules of conventional 
behavior and to pursue studies aimed toward a career. 

The patient responded to his father in two main ways. 
On the one hand, he agreed verbally to all of his father’s 
standards. On the other hand, he began to follow his 
own interests, particularly flying an airplane and collect- 
ing and using high-powered rifles. His academic career 
was erratic, as he attended three colleges in two years; 
and after he left college, his occupational record was 
unstable. Thus, while overtly compliant with his father’s 
ideas, he pursued his own independent life, often acting 
in ways that were defiant and rebellious. 

His attitude toward his father was recapitulated in 
his reactions to the oncologist. He regarded the oncolo- 
gist as authoritarian, as he had earlier in life felt toward 
his father. While outwardly complying in part with the 
oncologist’s directions, he covertly defied his intentions 
in many ways, most blatantly by discontinuing the che- 
motherapy unilaterally. 


Family Relationships 1n many situations, the rel- 
atives of patients are helpful and supportive. They 
rally round the patient, who in turn is willing to 
accept their help. In other instances, the family 
interactions may present obstacles to the patient’s 
treatment.5*85 For example, the 21-year-old pa- 
tient described above, psychologically an adoles- 
cent, was still intensely engaged in the depen- 
dence-independence conflict with his parents (as 
well as with the oncologist) and became embroiled 
in family disputes about his treatment. 

In some married couples, questions of auton- 
omy and control are at issue and may interfere 
with treatment decisions. Husband and wife may 
argue about which doctor should treat the patient 
and wage a power struggle about whether the pa- 
tient should undergo a given form of treatment. 


The Responses of the Physician Patients’ relation- 
ships with physicians can be a source of courage, 
hope, sustenance, and understanding. The more 
physicians are attuned to the patient’s character, 
defense mechanisms, transference reactions, and 
family relationships, the less likely they are to en- 
counter noncompliance. Concomitantly, if physi- 
cians express interest in their patients as people 
and attempt to tailor their method of dealing with 
patients according to individual needs, they in- 
crease the probability of eliciting cooperation. 
Nevertheless, even when physicians are em- 
pathic, caring, and responsive, some patients re- 
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main noncompliant. Then it is advisable to focus 
on some of the features of noncompliance previ- 
ously delineated—particularly, denial and defiant 
transference. 

Some physicians attempt to deal with denial 
in patients by direct confrontation and frightening 
threats. For example, they might say to a resistant 
patient, “If you don’t take these drugs, you will 
be dead in six months.” Often such a message 
only increases the patient’s level of anxiety and 
intensifies his need to deny. It may antagonize 
the patient and provoke him to leave the doctor 
and seek unproven nostrums such as laetrile. Phy- 
sicians are more effective when they convey a mes- 
sage of hope and realistic optimism along with 
assurances of continued care. Furthermore, by in- 
quiring into the reasons the patient is avoiding 
treatment, they may discover a specific fear and 
be able to allay it. 

The reactions in a defiant transference relation- 
ship range from subtle to flagrant. Understanding 
the transference helps oncologists to maintain their 
objectivity and to devise methods of managing bet- 
ter with patients. Direct confrontation and argu- 
ment are of little avail. Instead, one should respect 
patients’ strivings for autonomy, independence, 
and control (in situations in which patients feel 
that so much is outside of their control). One can 
attempt to enlist patients’ intellect and coopera- 
tion. One can allow them to make certain decisions 
within the total context of the treatment plan. One 
can be flexible when a change will not alter measur- 
ably the therapeutic effects of the regimen but will 
enhance patients’ feelings of taking an active part 
in their treatment. 

Some of the external causes of noncompliance 
arise from deficiencies in the system of health care. 
Sometimes a patient is faced with the conflicting 
opinions of various physicians, for example, when 
one recommends chemotherapy while another fa- 
vors surgery or radiotherapy. Whenever possible, 
the physicians should settle such differences among 
themselves, so that they can present a unified treat- 
ment plan. 


Role of the Oncologist in 
Psychological Care 


The psychological role of the oncologist extends 
beyond fostering compliance. It comprises provid- 
ing comprehensive care attuned to the emotional 
as well as the physical needs of the patient. 
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The physician’s tasks can be divided into two 
main categories. The first category consists of ex- 
plicit medical functions: the diagnosis and treat- 
ment of the patient’s disease. The second category 
includes certain implicit functions: the understand- 
ing of the sick person’s predicament and distress, 
imparting the feeling that the patient is not alone 
in his or her desperate plight, and relieving the 
patient’s emotional distress. There are specific 
methods through which the oncologist can accom- 
plish these aims. 


Patient-Doctor Communication 


Communicating skillfully is one of the most useful 
techniques that a physician can develop. Effective 
communication encompasses more than simply 
talking with the patient. It requires, actually, lis- 
tening more than talking—in particular, listening 
in an attentive, empathic manner. It means not 
just understanding what the other person ex- 
presses directly and clearly but also discerning 
clues to topics that the person finds difficult to 
discuss. It often requires discreet inquiry into areas 
that one suspects are troubling but have not yet 
been revealed. 

The conditions for this type of meaningful com- 
munication are worth noting. It is most important 
that doctors indicate by their entire manner that 
they are interested in listening. In the office, they 
should put away charts and papers and allow the 
patient to speak freely without untoward interrup- 
tion. In the hospital, they should sit down at the 
bedside and convey the impression that they have 
all the time in the world, even if they can stay 
only five or ten minutes. In contrast, doctors who 
look restlessly at their watches or the door or speak 
of the many other patients they have to see “in 
the house” signify rapidly that they do not wish 
to be burdened by an extensive report of the pa- 
tient’s feelings. 

Certain commonly used expressions set aside 
patient communication. For example, the fre- 
quently heard pronouncement “Everything is 
fine,” uttered before the patient has had a chance 
to say anything, discourages the patient from ex- 
pressing distress. 

The use of technical language is usually a bar- 
rier to communication unless the patient has some 
scientific knowledge or the physician explains the 
meaning of the technical expressions. Terms such 
as “agammaglobulinemia,” “plasmapheresis,” and 
“terminal transferase negative” often confuse and 
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frighten patients and are better translated into 
phrases they can understand. 

Even ordinary, nontechnical expressions need 
to be used cautiously because of the connotations 
they convey to some patients. For example, while 
the comment “You are not doing as well as we 
had expected” may signify to the physician that 
the patient’s fever has risen or that the platelet 
count has decreased, to the patient it may carry 
a note of personal disapproval. 

To many individuals, the expressions “doing 
well” and “not doing well” carry residues of mean- 
ing from the past—messages from parents, teach- 
ers, or others in authority who declared that the 
person was or was not living up to standards of 
behavior or performance. To some patients, the 
belief that they are meeting the expectations of 
the doctor—for example, in complying with an 
arduous chemotherapy protocol—may mean as 
much as “doing well” in regard to remission of 
their cancer. Hence, stating that a patient has 
“failed chemotherapy” has unfortunate emotional 
reverberations, often increasing the patient’s guilt 
feelings. 


Continuity and Coordination of Care 


From a purely pragmatic standpoint, the advan- 
tage of a physician’s caring for a patient through- 
out the course of the illness may appear self-evi- 
dent. If one physician maintains the care of a 
patient, that physician has knowledge of the pa- 
tient and the illness from the onset and is well 
informed about the treatments undertaken, the re- 
sults obtained, and the complications encountered. 
Unfortunately, clinic and ward patients are fre- 
quently transferred from one doctor to another, 
increasing the potential for errors and delays in 
physical care. Concomitantly, the patients may 
suffer feelings of rejection and have problems in 
adapting to new physicians periodically. Such 
changes tend to increase the rate of noncompli- 
ance. 

Even in private practice, the feeling of being 
cared for by one professional may be disturbed 
by contacts with the large number of physicians 
connected with the patient. It is common for an 
individual to have not only an oncologist but also 
a radiotherapist, a neurologist, an infectious dis- 
ease expert, and several other subspecialists. Each 
specialist may communicate information of a dif- 
ferent character or with a different emphasis that 
may confuse the patient and increase his or her 
anxiety. Hence, it is desirable that one physician 
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be in charge and inform the patient about major 
developments concerning treatment, diagnostic 
tests, and general progress. 

The unfortunate results of lack of coordination 
are illustrated by the following episode. 

The patient, a young married woman with carcinoma 
of the ovary, had undergone surgery and chemotherapy 
and then had a “second-look” exploratory laparotomy.** 
After the operation, she was told by the gynecologist 
that no trace of cancer had been found. Previously 
highly anxious and depressed, the patient now found 
renewed hope for her life. She made plans to resume 
her education and the care of her children. Two days 
later, however, another gynecologist informed her that 
the report of the peritoneal washings had just come 
back and revealed cancer cells. The patient responded 
with disbelief, followed by towering rage and recrudes- 
cence of her depression. It remained for her primary 
physician, a medical oncologist, and the psychiatrist 
who had been treating the patient, to attempt to restore 
her emotional equilibrium. 


In contrast to the above example, establishing 
continuity and coordination of care provides sig- 
nificant advantages in regard to patients’ emotional 
well-being. It helps to dispel one of the deepest 
fears of all individuals—the fear of abandonment. 
This fear, evident in childhood when there are 
separations from parents, is revived in the context 
of serious illness. Patients may fear that, as they 
become weaker and less able to manage by them- 
selves, the important people in their lives will not 
stand by them. Those people include not only rela- 
tives and close friends but also the attending physi- 
cian. Hence, if the physician can state explicitly 
that he or she intends to take care of the patient 
no matter what happens, the patient’s feeling of 
security will be enhanced and anxiety will be less- 
ened. 

An important advance in the integration of pa- 
tient care is the development of the health care 
team in some cancer centers.’*5° The team consists 
of the various medical specialists, nurses, and rep- 
resentatives of the psychosocial disciplines (psy- 
chiatrists, psychologists, and social workers). 
Other caregivers with special skills, including 
physical and occupational therapists, nutritionists, 
teachers, and experts in vocational rehabilitation, 
may also contribute. Sometimes volunteers who 
are former patients or the relatives of former pa- 
tients also participate. 

With the team approach, all members share 
information, take part in the initial evaluation of 
the patient, and attempt to arrive at a consistent 
attitude to the patient and the family. Through 
regular meetings, they organize the various aspects 
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of the patient’s ongoing care and avoid fragmenta- 
tion. 

They practice the “three C’s” necessary for inte- 
grated, comprehensive care: communication, coor- 
dination, and continuity. 


Knowledge of Patients’ Characteristic 
Responses 


Recognition of the patient’s typical emotional re- 
sponses to the physician, including transference 
reactions, helps in formulating an appropriate ap- 
proach. For example, some patients have an un- 
conscious need, predetermined by earlier experi- 
ences, to evoke guilt in the people who occupy 
important positions in their life. Other patients, 
especially those with masochistic tendencies, fre- 
quently attempt to provoke the doctor to anger, 
thereby confirming their preconceived idea that 
they are being badly treated. The physician’s re- 
maining calm and objective—and not responding 
unduly with signs of guilt, anger, or defensive- 
ness—will often help to defuse such situations. 

Perception of the patient’s character traits also 
furnishes guidelines to management. For example, 
indecisive obsessional patients, who ask numerous 
questions, require detailed and repeated explana- 
tions about their condition and treatment; their 
level of anxiety is reduced by a primarily intellec- 
tual approach. On the other hand, hysterical pa- 
tients who are dramatic and displaying signs of 
manifest anxiety may need a more global type of 
reassurance to the effect that their condition is 
well understood and everything feasible is being 
done. Paranoid patients need explicit explanations 
of procedures and the assurance that nothing will 
take place without their knowledge (that is, behind 
their backs). 

A corollary of understanding the patient’s reac- 
tions is the physician’s recognition of his or her 
own mode of responding to particular types of 
patients. As mentioned previously, some of those 
reactions are based on countertransference. Others 
may be caused by more immediate circumstances, 
such as being overwhelmed by a large number 
of critically ill or dying patients. 


Fostering Patients’ Ability to Cope 


Attention to the patient’s defense mechanisms and 
coping mechanisms can help the patient mitigate 
the plight of having cancer. Defense mechanisms 
are unconscious mental means that serve to protect 
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the patient against dangerous ideas, feelings, and 
impulses. Coping mechanisms are conscious, ac- 
tion-oriented, goal-directed methods of meeting 
the demands and challenges of reality. (The dis- 
tinction between coping mechanisms and defense 
mechanisms, which appears to be valid to this au- 
thor, is not made by most other writers on this 
subject; they either do not make this distinction 
or consider the defense mechanisms as one class 
of coping behavior.10.20.47.85) 

Only a few of the many, diverse defense mecha- 
nisms can be discussed in this presentation. Denial 
has been considered previously from the stand- 
point of its hindering compliance with therapeutic 
recommendations. On the other hand, denial 
sometimes serves an adaptive purpose, enabling 
patients to remain reasonably free of anxiety and 
depression and to continue with many of their 
usual activities while undergoing treatment.®7! In 
such cases, denial should be supported rather than 
challenged. As a general rule, denial in medical 
patients is not considered harmful unless it materi- 
ally compromises the patients’ acknowledgement 
of significant symptoms or impedes their taking 
the steps necessary for diagnosis and treatment. 

Regression is a reversion to modes of function- 
ing typical of an earlier period of one’s life. It 
occurs very frequently, if not universally, in sick 
people, although the degree and form are highly 
variable. It is most evident in patients who have 
become dependent, clinging, and demanding, dis- 
playing transference reactions to physicians and 
nurses reminiscent of reactions they experienced 
as children toward their parents. The regression 
may help some individuals accept being ill and 
being realistically dependent on others. When the 
dependency goes beyond certain bounds, however, 
limits may have to be imposed. Furthermore, as 
patients recover from the acute phase of illness, 
they sometimes require encouragement to relin- 
quish a regressive role and reestablish a more inde- 
pendent mode of operating. When they are no 
longer needed, special nurses may be discontinued. 
In hospitals that provide graduated care, patients 
often benefit from being transferred to a unit where 
they are responsible for more of their daily living 
activities. On returning home, they may need en- 
couragement, reassurance, and praise to counter- 
act the previous regression and return to a more 
mature level of behavior. 

Displacement is another defense mechanism 
that is frequently encountered. It involves shifting 
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the emphasis from something that is basically sig- 
nificant and emotionally threatening to a relatively 
less significant, less threatening detail. For exam- 
ple, a patient with an advanced ovarian malig- 
nancy complained vehemently about the ecchy- 
moses left by venipunctures while paying scant 
attention to the prodigious increase in her girth 
due to ascites. She thereby unconsciously avoided, 
or attempted to avoid, the anxiety about the pro- 
gression of her cancer, which was endangering her 
life. Another common example is a patient’s pay- 
ing more attention to the appearance of the surgi- 
cal scar than to the results of the operation—that 
is, whether all of the cancer was ostensibly re- 
moved. In such instances of displacement, the phy- 
sician can support the defense mechanism by pay- 
ing attention to the patient’s professed concern, 
helping the patient divert anxiety from the more 
frightening issue. At the same time, of course, the 
physician should not be deterred from pursuing 
the primary physical problem. 

Intellectualization and rationalization represent 
seemingly logical and thoughtful means of at- 
tempting to understand and explain threatening 
situations. They may serve the useful defensive 
purpose of diminishing anxiety. When, however, 
they are utilized to delay treatment or to seek 
out bizarre or quack remedies, they are maladap- 
tive. They then need to be modified through identi- 
fying the underlying anxiety and employing an 
educational approach. 

The defense mechanisms of intellectualization 
and rationalization should be distinguished from 
the coping mechanism of obtaining information 
through reliable sources. Such action may help 
patients deal more realistically and constructively 
with their illness and should be encouraged. A 
valuable source of informational materials is the 
annotated bibliography compiled by the Cancer 
Information Clearinghouse of the National Cancer 
Institute.® 

In coping with disease, patients face the task 
of reconciling their level of aspiration with the 
limitations imposed by their physical and emo- 
tional condition. If the illness is disabling, patients 
must learn to adapt to a reduced level of compe- 
tency and achievement. It is often helpful if physi- 
cians can outline what patients can reasonably ex- 
pect of themselves—e.g., going to the office three 
hours a day instead of the usual eight hours. The 
redefining of goals in a realistic manner helps re- 
duce the patients’ feelings of failure and enhance 
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their feelings of self-respect if they can meet the 
modified goals. It is also beneficial to some self- 
reliant individuals, who have difficulty in accepting 
the dependent role, to reassure them that under 
the circumstances it is a sign of strength to be 
able to alter one’s usual pattern of independence 
and rely on other persons. 

Additional means of coping include finding ac- 
ceptable substitutes for actual or anticipated losses. 
For example, young patients treated with che- 
motherapy or castrative operations sometimes suf- 
fer anxiety and depression because of the threat 
of being deprived of parenthood. For men, the 
storage of sperm prior to treatment may ameliorate 
those feelings. Under appropriate circumstances, 
with patients of either sex, the possibility of adopt- 
ing children may be broached. For women under- 
going mastectomy, the potential of surgical recon- 
struction of the breast, whether or not actually 
realized, helps dispel feelings of loss. A significant 
aspect of all these procedures is that they engender, 
implicitly, hope for the future. 


Helping Patients’ Families 


Those who are providing emotional support for 
the patient may themselves need encouragement 
and bolstering. Relatives who have been dependent 
on the patient may suddenly find themselves feel- 
ing helpless and anxious. They will require guid- 
ance and support from the physician, a social 
worker, or another member of the health care 
team. 

When a patient is dying, some family members 
go through a process called anticipatory grief;7 
that is, they begin to mourn the loss of the loved 
one before it actually occurs. Sometimes this pro- 
cess results in a withdrawal of relatives from the 
patient during the terminal phase of the illness. 
Educating the family about the continuing needs 
of the patient is indicated; but if they remain re- 
moved, additional support by nurses and other 
personnel may have to be provided to the patient. 


Dealing with Pain Problems 


Pain problems are considered from two perspec- 
tives: the fear of pain and the treatment of pain 
syndromes. For many individuals, the fear of pain 
constitutes one of the greatest dreads connected 
with cancer. In some instances, for example, pa- 
tients with leukemia and lymphoma, one can offer 
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reassurance that severe pain is relatively uncom- 
mon in their illnesses. With others, such as those 
with cancer of the prostate where pain due to bony 
metastases may be foreseen, one can reassure the 
patients that if pain develops later on they will 
be provided suitable relief and not be allowed to 
suffer needlessly. 

In this connection, it is essential that the physi- 
cian be dedicated to the viewpoint of furnishing 
adequate analgesia and have the knowledge com- 
mensurate with prescribing medications appropri- 
ately.” Despite numerous articles pointing out 
the misapprehension about addiction in patients 
with cancer, some physicians still do not prescribe 
narcotics in sufficient doses and at adequate 
intervals.7-57 

It is well known that after prolonged use of 
morphine and similar drugs, patients do develop 
tolerance to the drugs and require steadily increas- 
ing amounts to obtain analgesia; but their need 
of drugs is different from that of ‘street addicts 
craving a “high.” Moralistic beliefs or miscon- 
ceived notions about stoicism should not deter the 
physician from prescribing enough medication, 
with sufficient frequency, to relieve pain. 

Morphine and its derivatives, however, can pro- 
duce delirium, which is sometimes associated with 
disturbing symptoms, such as paranoid delusions 
and hallucinations. In some such cases, reduction 
of the dose of the narcotic and the concomitant 
use of haloperidol have resulted in clearing of the 
sensorium and reduction of the patient’s emotional 
distress without compromise of pain relief. 


Role of the Consultation—Liaison 
Psychiatrist 


As the importance of comprehensive care has 
gained increased recognition, psychiatrists have 
been requested more frequently to participate in 
the care of patients with cancer. As even the most 
knowledgeable oncologists rely on consultants 
from other areas such as neurology and infectious 
diseases, they also call upon psychiatrists for their 
specialized information and skills. The functions 
of consultation-liaison psychiatrists can be 
grouped under four main headings: education, liai- 
son, consultation, and treatment. 


Education 


By participating in oncology conferences, the psy- 
chiatrist can often inform the other clinicians 
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about meaningful aspects of the patient’s emo- 
tional status and family or social situation. From 
the history, for example, the psychiatrist may dis- 
cern indications that the patient is significantly 
depressed or anxious. The psychiatrist may make 
inquiries about the support system available to the 
patient. Lectures that link psychiatric concepts to 
the practice of oncology are also valuable, but they 
should be supplemented with meetings where cur- 
rent problems regarding patients and their families 
are presented. 


Liaison 


In some hospitals, the psychiatrist becomes an in- 
tegral member of the oncology service. Besides 
seeing some patients in formal consultation, psy- 
chiatrists see many others briefly on ward rounds 
or on clinic visits. In conferences with other physi- 
cians, social workers, and nurses, they can often 
formulate a particular approach or attitude that 
will help in the management of “difficult” patients. 
They strive for an atmosphere in which patients 
are treated as whole people, encompassing treat- 
ment of their psychological and social problems 
along with their physical illnesses. 


Consultation 


Although the emphasis in this chapter has been 
on methods the oncologist can utilize in treating 
patients with emotional problems, there are often 
situations in which the psychiatrist can provide 
a new dimension. Consultations may be indicated 
not only because of particularly distressing or per- 
sistent psychiatric symptoms but also because of 
certain kinds of problems in patient management. 

For example, if a patient’s depressive or anxiety 
symptoms or sensorial defects are unresponsive 
to the efforts of the nonpsychiatric staff, a psychia- 
trist should be called. Do not delay unnecessarily. 
Early intervention may prevent undue suffering. 
If a patient, for instance, reluctantly acknowledges 
that he cannot go on living or is actively contem- 
plating suicide, one should not sweep aside his 
plaints with hasty reassurance but offer help 
through psychiatric consultation. If one waits until 
the patient has retreated to a state of abject hope- 
lessness and helplessness, his plight may be insu- 
perable. 

Numerous requests for consultation are initi- 
ated because of problems in patient management. 
For example, some patients are markedly angry, 
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provocative, and contentious. Others have re- 
gressed excessively and make extraordinary de- 
mands on doctors, nurses, and aides. Many pa- 
tients are noncompliant for a wide variety of 
reasons. Some seriously ill people express an un- 
usually intense fear of dying and death. 


Treatment 


While sometimes the consultation is sufficient, 
complex or serious circumstances may require the 
services of the psychiatrist over a more prolonged 
period of time. People who face upheavals in their 
family lives, accentuated by the occurrence of can- 
cer, need extensive assistance, consisting of indi- 
vidual psychotherapy and family sessions. Patients 
engaged in disruptive conflicts with their physi- 
cians frequently benefit from psychotherapy aimed 
at understanding the genesis of their transference 
reactions. Those persons experiencing fear of dying 
may desire psychotherapy during the terminal 
phase of their illnesses. Some individuals facing 
death wish to recount their life histories exten- 
sively to a professional who can listen with empa- 
thy and help them view their lives in perspective.*+ 

In addition, patients with severe psychiatric 
conditions may require the sustained care of a psy- 
chiatrist. Besides psychotherapy, various drugs, 
such as the antidepressants and tranquilizers, may 
be employed when appropriate. Although those 
drugs can be administered by a nonpsychiatric 
physician, questions about indications, choice of 
medication, dosage, and toxic effects may warrant 
a specialist in this area. 


Summary 


In adopting the biopsychosocial model, physicians 
extend their knowledge of their patients’ condi- 
tions at several levels of understanding. At the 
most comprehensive level, they view the patient 
as a person with ideas and feelings, affected by 
past and current experiences, rather than simply 
as the host of a disease. At a descriptive level, 
they recognize the patient’s specific emotional and 
behavioral reactions to the different stages of ill- 
ness, such as diagnosis, treatment phase, and re- 
lapse. While those reactions may sometimes be 
classified under the formal psychiatric diagnostic 
categories, such as depressive disorders, anxiety 
disorders, and organic brain syndromes, they also 
merit consideration as highly individualistic re- 
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sponses to disease and treatment. At a deeper level, 
physicians perceive the underlying psychodynamic 
aspects of the person, notably the individual’s 
character, phantasies, defense mechanisms, and 
transference reactions. 

The physician’s integration of this knowledge 
into practice will augment his or her effectiveness 
in treating patients with cancer and helping them 
cope with the crises of illness. 
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centroblastic, differential diagnosis of, 95 
chemotherapy in, 34-35, 38 
combination, 35 
single-agent, 34 
chromosome abnormalities in, 271-281 
clinical features of, 29-30 
diffuse, 31-32 
histiocytic, 32, 36-37 
poorly differentiated, 31, 37-38 
well-differentiated, 31 
etiology and pathogenesis of, 27-28 
hematologic disorders in, 183-191 
hemostatic abnormalities in, 191-197 
Hodgkin’s. See Hodgkin’s disease 
in homosexual males, 296 
immunoblastic, 32 
differential diagnosis of, 95-96 
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Lymphomas (cont.) 

infectious complications of, 228-241 
lymphangiography in, 248-250 
lymphoblastic, 31-32 

differential diagnosis of, 96-98 
Mediterranean, 30 
Be-microglobulin levels in, 170 
nodular, 30-31 

histiocytic, 36 

management of, 35-36 

mixed, 36 
null cell, 30 
pathology of, 30 
radiology in, 245-265 
radiotherapy in, 33-34 
Richter’s transformation of, 32 
staging of, 32-33 
surface markers in, 28-29 
T cell, 29 

new variety in Japan, 27, 29-30, 32 
treatment of, 33-38 

Lysozyme activity, in sarcoidosis, 152 


Macroglobulinemia, Waldenstrom’s, 165 
Malaria, and Burkitt’s lymphoma development, 105 
Measles, in lymphoma patients, 230 
Mediastinum 
biopsy of lymph nodes in, 264 
computerized tomography of, 261 
ultrasound studies of, 259 
in vascular contrast studies, 255 
Meningitis, lymphomatous, 29, 36-37, 232-233 
Methotrexate 
intrathecal 
in Burkitt’s lymphoma with CNS disease, 126 
in leukemia of CNS, 58 
in sarcoidosis, 156 
B2-Microglobulin levels, 168-174 
in chronic lymphocytic leukemia, 169 
in lymphomas, 170 
in multiple myeloma, 170-174 
Mineral particles, granulomas from, 146 
Monoclonal antibodies, and lymphoma therapy, 38 
Mononucleosis, infectious, and antibodies to Epstein- 
Barr virus, 105 
Monopoiesis, lymphoid cells in, 183 
Morphine, prescription of, 328 
Mucor infections, 230, 232 
Mycobacterium infections, 142, 230, 231 
in homosexual males with lymphadenopathy, 298, 
301 
treatment of, 238 
tuberculous. See Tuberculosis 
Myeloma, multiple 
IgA, 166-167 
IgG, 167 
IgM, 165 
immunologic abnormalities in, 174-175 
B2-microglobulin levels in, 170-174 
Myelopoiesis, lymphoid cells in, 183 
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Narcotics, prescription of, 328 
Nasopharyngeal carcinoma, and antibodies to Epstein- 
Barr virus, 105 
Neisseria meningitidis infections, 230, 232 
Nervous system, central 
in Burkitt’s lymphoma, 125-126 
lymphomatous meningitis of, 29, 36-37, 232-233 
prophylaxis and treatment in ALL, 58 
Neurosarcoidosis, 149 
Neutrophil disorders, in lymphoproliferative diseases, 
188-190 
Nocardia infections, 230, 231, 234 
brain abscess in, 233 
treatment of, 238 
Noncompliance with therapy, 321-324 


Ovarian function, after therapy in Hodgkin’s disease, 
18 
Oxyphenbutazone, in sarcoidosis, 155 


Pain problems, management of, 327-328 
Parasitic infections, 230 
lymphangiography in, 252 
treatment of, 238 
Peripheral lymph nodes 
biopsy of, fine-needle, 264 
computerized tomography of, 261 
radiology of, 245 
ultrasound studies of, 259 
in vascular contrast studies, 254-255 
Pharyngitis, in lymphoma patients, 231-232 
Philadelphia chromosome 
in acute lymphoblastic leukemia, 282 
in chronic lymphocytic leukemia, 285-286 
in chronic myelogenous leukemia, 73-74 
Physicians 
affecting compliance with therapy, 323-324 
responses to patients, 320-321, 326 
role in psychological care, 324-328 
Plasmodium infections, 230 
Platelets 
abnormalities in, 192-194 
thrombocytosis in chronic myelogenous leukemia, 77 
Pleural effusion, in angioimmunoblastic lymphadenopa- 
thy, 42 
Pneumatosis, cystic, lymph nodes in, 147 
Pneumococcal vaccine, response to, in Hodgkin’s dis- 
ease, 5, 7 
Pneumocystis carinii infections, 230, 235 
in homosexual males with lymphadenopathy, 299 
treatment of, 238 
Pneumonia, in lymphoma patients, 233-235 
Prednisolone, in sarcoidosis, 155 
Prophylactic antibiotics, 190-191 
Proteins, acute phase reactant, 157-158, 160 
amyloid A, 161-163 
ceruloplasmin and serum copper, 160 
C-reactive, 160-161 
Proteinuria, Bence Jones, 165-166 
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Proteus infections, 235 
treatment of, 238 
Protozoal infections, 230 
lymphangiography in, 252 
treatment of, 238 
Pseudodementia in cancer patients, 319 
Pseudolymphoma, lymphangiography in, 253 
Pseudomonas aeruginosa infections, 231, 232, 234, 235, 
237 
treatment of, 238 
Psychiatrists, consultations with, 328-329 
Psychological care of cancer patients, 306-329 
in anxiety disorders, 316-317 
and character of patient, 322, 326 
in chemotherapy, 309-310 
communication with patient in, 324-325 
continuity and coordination affecting, 325-326 
countertransference in, 320-321 
for “cured” patients, 313-314 
in depressive disorders, 315-316 
and eliciting reactions of patients, 311 
and family complications, 311-312 
and fostering of coping mechanisms, 326-327 
general approach in, 306-308 
at initial diagnosis, 308-309 
in noncompliant behavior, 321-324 
in organic brain syndromes, 317-319 
in pain problems, 327-328 
in radiotherapy, 310 
and reactions of physicians to patients, 320-321, 326 
and recognition of guilt feelings, 311 
in relapse, 312 
role of oncologist in, 324-328 
role of psychiatrist in, 328-329 
and support for families, 327 
in surgical patients, 310 
in terminal phase, 312-313 
transference in, 319-320, 323, 324 
Purpura, 191-192 
autoimmune thrombocytopenic, in chronic lympho- 
cytic leukemia, 63 


Radiology, 245-265 
abdomen and retroperitoneum in, 248 
ancillary procedures with, 253-258 
chest films in, 245-248 

in sarcoidosis, 149-150 

computerized tomography, 247, 260-263 
gastrointestinal examinations in, 253-254 
lymphangiography, 248-253 
plain films in, 245-248 
superficial lymph nodes in, 245 
ultrasound, 258-260 
urinary tract studies in, 254 
vascular contrast studies in, 254-258 
xerography, 245 

Radiotherapy 
anemia from, 184 
in angioimmunoblastic lymphadenopathy, 48 
in Burkitt’s lymphoma, 122 
in chronic lymphocytic leukemia, 64-65 
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craniospinal, in Burkitt’s lymphoma with CNS dis- 
ease, 126 
in Hodgkin’s disease, chemotherapy with, 8-18 
in lymphomas, 33-34 
psychological reactions to, 310 
splenic, in chronic myelogenous leukemia, 75-76 
whole-brain 
in CNS leukemia, 58 
in lymphomatous meningitis, 36-37 
Rash, in angioimmunoblastic lymphadenopathy, 42 
Rationalization, in cancer patients, 327 
Regression, in cancer patients, 326 
Resistance of cells to drugs, 220-223 
Retroperitoneal lymph nodes 
biopsy of, fine-needle, 264-265 
computerized tomography of, 261-263 
ultrasound studies of, 259-260 
in vascular contrast studies, 255-258 
Retroperitoneum, plain films of, 248 


Salmonella infections, 230, 236 
treatment of, 238 
Sarcoidosis of lymph nodes, 140-156 
biochemistry of, 151-152 
clinical features of, 147—149 
compared to Hodgkin’s disease, 145-146 
compared to tuberculosis, 142, 143, 144 
corticosteroid therapy in, 154-155 
course and prognosis of, 152-153 
differential diagnosis of, 142-147 
etiology of, 153 
immunology of, 150-151 
Kveim-Siltzbach skin test in, 151 
lymphangiography in, 253 
pathology of, 140-142 
radiography of chest in, 149-150 
treatment of, 153-156 
Sarcoma 
Kaposi’s, in homosexual males, 191, 296 
myeloid, differential diagnosis of, 95 
Schistosomiasis, granulomas in, 145 
Self-image of cancer patients, 313-314, 316 
Sepsis in lymphoma patients, 228-241 
Septicemia, and disseminated intravascular coagulation, 
195 
Serotherapy, in acute lymphoblastic leukemia, 59 
Serratia marcescens infections, 237 
Sex distribution of Burkitt’s lymphoma, 109 
Silica, granulomas from, 146, 147 
Skin infections, 229-231 
Spermatogenesis, after therapy in Hodgkin’s disease, 18- 
19 
Spleen 
in chronic myelogenous leukemia, 71-72 
in lymphoproliferative diseases, 187-188 
platelet sequestration in, 193 
Splenectomy 
in chronic myelogenous leukemia, 77-78, 85 
in Hodgkin’s disease, 10 
immunoglobulin levels after, 165 
infections after, 188, 229 
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Splitting reaction, in cancer patients, 320 
Staphylococcus aureus infections, 230, 231, 232, 234 
treatment of, 238 
Staphylococcus epidermidis infections, 230, 237 
treatment of, 238 
Sternberg-Reed cells, in Hodgkin’s disease, 1 
Stomach, radiography of, 248, 254 
Stomatopharyngitis, 23 1-232 
Streptococcus pneumoniae infections, 230, 232 
treatment of, 238 
Streptococcus pyogenes infections, 230, 231, 232 
treatment of, 238 
Strongyloides stercoralis infections, 230, 236 
treatment of, 238 
Superficial lymph nodes. See Peripheral lymph nodes 
Surgery 
in Burkitt’s lymphoma, 119-122 
psychological reactions to, 310 
Swimming pool granulomas, lymph nodes in, 142 
Syphilis 
lymphadenopathy in, 145 
lymphangiography in, 252 


Talc, granulomas from, 146 
Testicular function, after therapy in Hodgkin’s disease, 
18-19 
Thrombocytopathies, 193 
Thrombocytopenia, 192-193 
Thrombosis, venous, 196-197 
Thyroid function, after therapy in Hodgkin’s disease, 
18 
Tomography, computerized, 247, 260-263 
Toxoplasma infections, 145, 230, 231 
encephalitis in, 233 
treatment of, 238 
Transference reactions, in cancer patients, 319-320, 323, 
324 
Transfusions, 190 
Trichosporon cutaneum infections, 230, 231 
Trisomy 12, in chronic lymphocytic leukemia, 283— 
285 
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Tuberculosis 
compared to sarcoidosis, 142, 143, 144 
lymphangiography in, 252 

Tularemia, granulomas in, 142 


Ulcers, gastrointestinal, in lymphoma patients, 235 
Ultrasound studies, 258-260 
Urinary tract 
infections in lymphoma patients, 236-237 
radiologic studies of, 254 


Varicella zoster infections, 230, 231 
treatment of, 239 
Vasculature 
contrast studies of, 254-258 
disorders of, 191-192 
Venography, 254-258 
Virus infections, 230 
and acute lymphoblastic leukemia, 51 
and angioimmunoblastic lymphadenopathy, 47 
Epstein-Barr. See Epstein-Barr virus 
and Hodgkin’s disease, 2 
lymphangiography in, 253 
and lymphomas, 27 
treatment of, 239 
Vitamin By» deficiency, in lymphoproliferative diseases, 
185 
Von Willebrand’s factor, antibodies to, 194 


Waldenstrém’s macroglobulinemia, 165 
Wegener’s granulomatosis, lymph nodes in, 147 
Whipple’s disease 

lymphangiography in, 253 

lymph node granulomas in, 147 


Xeroradiography, 245 


Yersinia infection, granulomas in, 142 


